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CRANIOCEREBRAL INJURY 


AVERY P. ROWLETTE, M.D., F.A.C.S., and DAVID O. WEINER, M.D., St. Louis, Missouri 


URING the period of 1934 to 1937 
inclusive, there were 634 cases of 
severe craniocerebral injury and 
604 cases of concussion admitted to 

the St. Louis City Hospital. All deaths were 
included under the heading of acute cranio- 
cerebral injury and the mortality of this group 
was 38.9 per cent. This checked closely with 
the last report from Bellevue Hospital of 
37.8 per cent (12). 

However, it compared quite unfavorably 
with reports of Fay, Mock, Swift, Munroe, 
and others of mortality rates varying from 17 
to 26 per cent. Although some feel that institu- 
tions receiving all the patients with severe 
trauma from the street accidents of a large 
city will naturally experience a higher mor- 
tality than will the private hospital, we could 
not help but feel that this discrepancy was too 
great. 

At this hospital, due largely to the influence 
of Sachs, spinal puncture was rarely used as a 
therapeutic measure and only infrequently as 
a diagnostic measure in cases of craniocerebral 
injury. Hypertonic sucrose and dextrose in- 
travenously and magnesium sulphate as re- 
tention enema were the two dehydrating 
measures which seem to have been usually 
used. Little cognizance had been paid to the 
limitation of fluid intake as advocated by Fay 
in the treatment of these cases (4). 

From the Department of Surgery, St. Louis City Hospital. 


The use of hypertonic solutions intraven- 
ously as dehydrating agents seems to be 
universally accepted, except by Dandy, who 
feels that both of these measures are contra- 
indicated in these cases. 

The limitation of fluid intake does not seem 
to be as popular as the use of spinal puncture 
and dehydrating agents, at least it does not 
receive the important position in the therapy 
accorded the two other measures. 

Since the cases of intracranial injury were 
admitted to two distinct staff units, it was 
felt that we were in a position to evaluate 
these procedures in the therapy of severe 
intracranial injury. One unit which we shall 
designate as Unit A was opposed to the use of 
lumbar punctures as a therapeutic measure 
and during the first year did not actually 
restrict the fluid intake. Although sucrose 
intravenously was used on both units, its use 
on Unit A was restricted as compared with its 
use on Unit B. 

The visiting surgeons of Unit B consulted 
and agreed to the study, which we termed 
“active dehydration,” following basically the 
ideas as expressed by Fay (4), comprising (a) 
lumbar punctures, (b) intravenous injections 
of 100 cubic centimeters of 50 per cent sucrose 
and limitation of fluid intake. 

Realizing fully the difficulty of ‘‘standard- 
izing” the treatment of intracranial injury, 
because of the fact that these patients were 
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routinely seen and early treatment instituted 
by the resident staff, it was felt imperative 
that rules of treatment and some sort of out- 
line be set up for them to follow. Accordingly 
the following routine was established. 

1. Unconscious patients were treated for 
shock if present. Lumbar punctures were not 
performed in the presence of shock. Intra- 
venous sucrose was not considered contra- 
indicated in the presence of shock. It has 
been our impression that uncomplicated intra- 
cranial injury is not usually associated with 
profound shock. The usual treatment of shock 
was administered except for the use of mor- 
phine which was felt to be contra-indicated. 

2. If shock was not present or had been re- 
lieved, and the patient was unconscious, a 
lumbar puncture was performed. A water 
type of spinal manometer! was used to meas- 
ure the cerebrospinal fluid pressure. Although 
we recognize that it is sometimes diffcult to 
ascertain an accurate pressure, due to the 
straining of the patient, as a general rule we 
felt that reasonably accurate pressure read- 
ings were obtained. During the early months 
of this study if the pressure was markedly 
elevated, it was reduced to one-half of the 
original reading at the time of the first tap, 
and this procedure repeated every 4 hours 
until the pressure was brought to normal. 
After 3 months, experiencing no untoward re- 
sults, we adopted the routine of immediately 
reducing the pressure to normal at the time of 
the original lumbar puncture. The house- 
officers who performed the lumbar punctures 
were thoroughly warned of the potential dan- 
gers of the procedure in the presence of in- 
creased intracranial pressure and were very 
cautious to remove the cerebrospinal fluid 
very slowly. 

3. If the cerebrospinal fluid was grossly 
bloody (not just turbid) the canal was slowly 
drained dry (i. e., fluid allowed to escape until 
no more spontaneously dropped from the 
needle) ; the amount of fluid being removed to 
accomplish this varied from 15 to 45 cubic 
centimeters. 

4. During the first 3 months of the study, 
if the patient remained unconscious, punc- 
tures were repeated every 4 hours. This period 
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was then lengthened to 6 hours, because we 
found that usually the pressure tended to stay 
level for about 4 to 5 hours if after each punc- 
ture 100 cubic centimeters of 50 per cent 
sucrose was slowly injected intravenously. 
Punctures were discontinued with the ap- 
pearance of consciousness unless the fluid was 
grossly bloody, in which case they were con- 
tinued every 6 hours until the cerebrospinal 
fluid was grossly clear. Sucrose was ordinarily 
continued for one or two injections after the 
patient regained consciousness. If the patient 
remained unconscious longer than 48 hours, 
punctures were checked once daily, to make 
certain the pressure remained normal, until 
the patient regained consciousness. 

5. Fluid intake was limited to 1000 cubic 
centimeters whether by mouth or parenter- 
ally. If the patient was unable to take fluids 
by mouth, fluids were usually administered in 
the form of 5 per cent dextrose in Ringer’s so- 
lution intravenously. If the patient remained 
unconscious longer than 48 hours, this was 
increased to 1,500 or 2,500 cubic centimeters 
per 24 hours. 

The persistence of unconsciousness was the 
criterion used to gauge the necessity of con- 
tinuation of the dehydration regimen. Lum- 
bar punctures and intravenous sucrose were 
rarely necessary after the first 48 hours and 
fluid restriction could usually be lifted after 
the third day. If the patient developed a 
fever, the fluid intake was increased and taps 
continued longer than the usual period. 

Cases were divided into (1) acute cranio- 
cerebral injury and (2) concussion. All deaths 
occurring in the concussion group were in- 
cluded in the first group. All cases with 
demonstrable intracranial injury or skull frac- 
ture were included in this series regardless of 
how severe associated injury was present else- 
where in the body. All deaths which occurred 
(2 deaths) prior to admission to the hospital 
wards were excluded from this series. 

In the first group we included (a) all cases 
with an obvious compound skull fracture or 
cases with positive x-ray evidence of skull 
fracture; (b) traumatic cases unconscious un- 
til death; (c) cases presenting the general 
features of a basilar fracture, that is, ecchy- 
motic orbital lids, aural bleeding, grossly 
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bloody spinal fluid; and (d) cases showing 
evidence of intracranial injury at autopsy. 

In the second group were included all cases 
ordinarily considered as concussions. Cases 
with a momentary or short loss of conscious- 
ness, following injury to the head, without 
symptoms of intracranial injury other than 
headache, nausea or vertigo, without grossly 
bloody spinal fluid and with negative x-ray 
evidence of a fracture of the skull were all in- 
cluded in this group. We feel that the inclusion 
of concussions in the statistics of some ob- 
servers in the discussion of severe intracranial 
injury only clouds the issue and makes it im- 
possible or difficult to compare results. We 
have made every effort to restrict cases in 
group 1 to severe injury, placing all cases, 
which were considered in group 2 until death, 
in group 1 in tabulating the results. Hence, 
we show no deaths under concussions. We had 
relatively more concussions than severe intra- 
cranial injury during the 2 year study period 
than we did during the 4 previous years. 


ANALYSIS OF RESULTS 


Of interest is a comparison of the etiological 
agents of this series and of one reported by 
Stewart from this hospital 20 years ago, in 
which he focused attention upon the tragic 
mortality attendant upon routine operative 
decompression in these cases. As predicted by 
Stewart, we have experienced a 25 per cent 
increase of severe craniocerebral injury almost 
entirely related to the automobile. 

Because of the danger of herniation of the 
medulla and cerebellum into the foramen 
magnum resulting from spinal puncture in the 
presence of increased intracranial pressure, and 
because of the fact that in grossly bloody spin- 
al fluids, we were draining the cerebrospinal 
canal dry and thus possibly inviting this 
complication, we were particularly on the 
watch for such findings at postmortem. Since 
in traumatic deaths, practically all victims are 
subjected to postmortem examination by the 
coroner, we were able to check our findings at 
autopsy in 88.8 per cent of the deaths of Unit 
A and 92.8 per cent of the cases of Unit B. In 
all deaths on Unit B in which spinal puncture 
had been used, postmortem examination was 
carried out in roo per cent of these cases and 
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Graph 1. Total hospital mortality, severe craniocerebral 
injury. 


in no instance did we observe any evidence of 
medullary compression or ‘‘cone”’ formation. 

We feel that the constant use of the ma- 
nometer and the very slow removal of fluid 
account for these results, because unques- 
tionably this disaster may happen in intra- 
cranial injury (8), and we hazard an opinion 
that it may occur not only in cases with a 
block at the foramina of Magendie and 
Luschka, but in cases with a perfectly open 
system due to rapid removal of cerebrospinal 
fluid. 

Mortality experience. Graph 1 presents a 
summary of the total mortality experience for 
a 6 year period and the mortality of Units A 
and B during this study. During the year 
1938-1939 in Unit A an excellent control 
series was available and it will be noted that 
the mortality on Unit B fell to 21 per cent 
which compared very favorably with the re- 
ports previously mentioned of mortality rates 
from 17 to 26 percent. On Unit A, however, 
the mortality continued at approximately the 
average for the 4 year period preceding the 
study; that is, 37.3 per cent. During 1939- 
1940, due to a reorganization of the staff, the 
cases on Unit A were under different staff 
supervision, and approximately one-half of 
the cases had a limitation of fluid intake to 
1500 cubic centimeters of fluid per day in 
addition to more widespread use of sucrose 
intravenously while the other half continued 
about as before. It will be noted that for this 
year the total hospital mortality fell to 28.5 
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Graph 2. Rapid relief of cerebrospinal fluid pressure 
with spinal drainage. 


per cent, which was approximately 10 per cent 
less than the 4 year average mortality pre- 
ceding the study, or 38.9 per cent. 

Cerebrospinal fluid pressure. Like*Werden 
we found that our patients tended to fall into 
two groups; one (Graph 2), in which there 
was a progressive fall in cerebrospinal fluid 
pressure, which constituted the usual re- 
sponse, and the other (Graph 3), in which the 
pressure continued high, despite repeated 
spinal drainage, dehydration, and limitation 
of fluid intake. It is of interest that our curves 
are similar, Werden apparently performing 
daily spinal drainage while we followed the 
same practice every 6 hours. In our cases the 
cerebrospinal fluid pressures generally reached 
normal limits in 48 hours, while he shows a 
like result in his graphs accomplished in usu- 
ally 4 to 6 days. As has been noted by many 
observers, we found no consistent correlation 
between the clinical condition of the patient 
and the cerebrospinal fluid pressure. We found 
that many patients with severe intracranial 
injury and also suffering from severe shock 
usually occasioned by associated injury, tended 
to have low cerebrospinal fluid pressures. 
Like other observers (2) we could not discern 
any consistent correlation between the pa- 
tient’s blood pressure, pulse, or respiration and 
the cerebrospinal fluid pressure. Headache 
was usually relieved immediately by spinal 
drainage, and although it was observed that 
intravenous hypertonic sucrose would often- 
times accomplish this same result, its relief 
was much slower in appearance and much less 
prolonged. 

Surgical intervention. The neurosurgery of 
all units during 1938-1939 and for all except 
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Graph 3. Delayed return to normal despite drainage. 


3 cases during 1939-1940 was supervised by 
the same neurosurgeons, hence no attempt is 
made to separate the statistics by units. Dur- 
ing the 2 year period 1939-1940, there were 
16 compound skull fractures débrided with 
3 deaths; 2 simple depressed fractures elevated 
with no deaths; 13 patients explored for 
“surgical bleeding,” and of this group only 1 
presented the picture about which we hear so 
much, of so called ‘‘middle meningeal hemor- 
rhage’’—the remainder presenting the difficult 
diagnostic problem commonly seen in severe 
intracranial injury. Of the 13 cases explored, 
hematomas were found and evacuated in 8, of 
these 4 survived. In 5, extensive brain injury 
with diffuse bleeding was found and none sur- 
vived. 

In the group A cases there were 6 at post- 
mortem which showed large hematomas, but 
of this group all died within 3 hours after ad- 
mission without presenting localizing signs 
except 1. In this instance, because of advanced 
age and the absence of localizing signs, it was 
deemed inadvisable to explore. In group B 
likewise, 4 at autopsy showed similar findings, 
3 of whom died within 3 hours after admission, 
and 1 died on the fourth day after a diagnosis 
of cerebral apoplexy inaccurately made largely 
because of inadequate history. 

It seemed of significance to us that we did 
not experience any increase on Unit B of 
hematoma formation due to the “complete” 
spinal drainage of grossly bloody spinal fluid 
which was carried out; as some contend that 
spinal drainage in the presence of bloody 
spinal fluid will only facilitate increased 
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bleeding. In several patients we made a 
partial replacement of the fluid removed by 
air injection into the spinal canal, but we 
could not state that there was any apparent 
effect on the continuation of the bleeding. 
This has been suggested by Fay (5) as a pos- 
sible aid in the control of traumatic intra- 
cranial bleeding. 


RATIONALE OF TREATMENT 


The rationale of this mode of treatment has 
been beautifully expounded by Fay (4), but 
it is difficult to correlate it with the observa- 
tions of Browder and Meyers. We have con- 
tinued the regimen because of improved mor- 
tality and our very definite impression that 
patients were benefited by the treatment. We 
are not convinced that any one of the three, 
ie., spinal drainage, hypertonic agents or 
limitation of fluids, is most important or ab- 
solutely essential, but we feel that all three 
have their indications. 

A properly performed spinal puncture gives 
important diagnostic and prognostic informa- 
tion, is of definite value in the relief of trau- 
matic headache, and, judging by our results, 
of definite value in the treatment of these pa- 
tients. 

Although Gurdjian and his co-workers state 
“the intravenous administration of isotonic 
fluids did not cause any increase in the 
cerebrospinal fluid pressure in the great ma- 
jority of their cases” and advocate the ad- 
ministration of 2,500 to 3,500 cubic centi- 
meters of fluid by vein in patients with severe 
intracranial injury who remain unconscious 
for days, we feel that the restriction of fluid 
intake to 1000 cubic centimeters per day for 
the first 48 hours was of definite aid in the 
treatment of these patients. After that in the 
type of case mentioned it is advisable to 
increase the fluid intake to 1,500 or 2,000 
cubic centimeters because continued dehydra- 
tion may produce untoward reactions. By 
marked fluid restriction to 500 cubic centi- 
meters for 2 and 3 days in a few cases, we have 
had an opportunity to observe the “dry tap”’ 
as a result as previously described by Fay (4). 

Schwartz and Elman have shown that su- 
crose is not as effective a dehydrating agent 
as is sorbitol, and the use of hypertonic 
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Graph 4. Mortality of groups “A” and “B” by decades. 
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sucrose has been very recently questioned by 
Anderson and his co-workers, who found evi- 
dence of tubular damage in the kidneys after 
its use in patients with impaired renal func- 
tion. 

Unfortunately, in this regard almost all of 
these deaths were autopsied by the city cor- 
oner, who does not make routine microscop- 
ical examination of tissues, and hence sections 
of the kidneys are not available for review. 

In 5 cases in which patients had received 
hypertonic sucrose autopsies were performed 
by the hospital pathologist, and Dr. S. H. 
Gray states, “‘three of these showed marked 
swelling and vacuolization of the cytoplasm of 
the tubular epithelial cells. Nuclear changes 
were generally more markedly changed than 
the distal portions. Glomerular change was 
not noted except in a fourth case which showed 
general vascular congestion. In this case less 
tubular change was present. The patient who 
received the largest amount, 1,340 cubic centi- 
meters of 50 per cent sucrose in the 96 hours 
preceding death, showed no renal lesion. The 
patient who received the smallest amount, 100 
cubic centimeters of 50 per cent sucrose in the 
24 hours preceding death, showed the most 
advanced tubular change.” 

Unless further observation shows that hy- 
pertonic sucrose produces the changes noted 
by Anderson in patients with normal kidney 
function, sucrose will probably continué to be 
used, since it is a valuable agent, easily and 
inexpensively prepared by the average hos- 
pital personnel. 
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SUMMARY 


1. A study of 121 cases of severe cranio- 
cerebral injury, in which spinal puncture, hy- 
pertonic sucrose, and limitation of fluid intake 
were used in treatment is reviewed in this 
article. 

2. A mortality of 23.1 per cent was exper- 
ienced as compared with a previous 4 year 
mortality on this same unit of 36.7 per cent 
and as compared with a control unit (which 
used only hypertonic sucrose for 1 year and in 
addition the following year used limitation of 
fluid intake to 1500 cubic centimeters per 
day) which experienced a mortality of 34.1 
per cent during this same 2 year period. 

3. A decrease in the total hospital mortality 
during this 2 year period of 13.1 per cent over 
the average for the preceding 4 year period, 
or from 38.9 to 25.8 per cent. 

4. Inall deaths in patients treated by spinal 
drainage autopsies were carried out and in no 
instance did we observe any evidence of cere- 
bellar herniation, medullary compression or 
“‘cone”’ formation. We attribute this to the 
slow removal of cerebrospinal fluid. 

5. There was no increased hematoma forma- 
tion in this group in which grossly bloody 
spinal fluid was “‘drained dry” nor is there 
any evidence that spinal drainage in these 
patients tended to increase or prolong hem- 
orrhage. 
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6. Of 5 patients receiving hypertonic su- 
crose, review of the kidney sections revealed 
that a man aged 27 years, who received 1,340 
cubic centimeters of 50 per cent sucrose 
showed no renal lesion, while a man aged 50 
years, receiving 100 cubic centimeters of 50 
per cent sucrose, showed the most marked 
tubular change. 
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PATIENT who presents himself to a 
neurological surgeon because of uni- 
lateral exophthalmos, failing vision, 
and inco-ordination of the extra-ocu- 

lar muscles has usually been examined by one 

or more physicians, including an ophthal- 
mologist. Thus the ophthalmologist perhaps 
has the greatest opportunity to discover the 
many conditions which may produce unilat- 
eral exophthalmos, among the more common 
of which are intra-orbital inflammatory dis- 
ease—either primary or secondary to an in- 
fected paranasal sinus; paralysis of the extra- 
ocular muscles; cavernous sinus thrombosis; 
congenital anatomical defects; angiomas or 
aneurysms, either within or behind the orbit; 
and tumors of various types, also either within 
or behind the orbit. Judging from the avail- 
able reports of both neurological surgeons and 
ophthalmologists concerning the causative le- 
sions in unilateral exophthalmos, one gains 
the impression that vascular lesions and 
tumors are found more frequently by far. 

This has been true in our experience. Many of 

the patients have been referred to us after 

ophthalmological study elsewhere. It is with 

a discussion of these types of lesions that this 

paper is primarily concerned. 

In a series of 604 verified and 150 unverified 
intracranial tumors, we have seen 15 patients 
with unilateral exophthalmos. Of these, 9 of 
the patients were males and 6 were females. 
The youngest in the group was a boy of 15 
years; the oldest patient was a man of 59. 
All of these patients were referred to us by 
other physicians after the simpler causes of 
their visual difficulties had been ruled out, 
and in each case the eventual treatment pro- 
posed was surgical. The operative findings 
divided them into 3 groups: (1) unilateral 
exophthalmos with tumors, (2) unilateral 
exophthalmos with aneurysms, and (3) tumor 


From the Division of Surgery, Northwestern University 
Medical School. 


THE PATHOGENESIS AND TREATMENT OF 
UNILATERAL EXOPHTHALMOS 
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or aneurysm suspects, the lesion being unveri- 
fied. Other patients with various types of 
exophthalmos have been seen, but they do 
not fall into this particular surgical category 
and are therefore not included in this dis- 
cussion. 

Among this group of patients there were 6 
who had intracranial tumors. In each case 
the exophthalmos was strictly unilateral and 
in no instance was it of the pulsating form. 
The tumors in 4 cases were meningiomas; 2 
being global meningiomas of the sphenoidal 
wing and 2 being meningiomas en plaque. 
One tumor still remains unclassified, and the 
other was a glioma of the optic nerve. 

The largest tumor of the group was a firm 
spherical meningioma of the meningothelial 
cell type, larger than a tennis ball, which arose 
from the lateral portion of the right sphenoidal 
wing. At operation it was found that not only 
did it extend past the midline to the left and 
lift the frontal lobe up from its fossa, but it 
had also broken through the orbital roof. 
Growing forward behind the orbital contents, 
it had produced almost complete blindness, 
immobility of the globe, and marked exoph- 
thalmos. Immediately after operation, which 
achieved removal of the tumor and of the 
roof of the orbit, the eye receded and digital 
palpation and measurement revealed a great 
decrease in the tenseness and firm fixation of 
the eyeball. Verifying the roentgen studies 
of the skull, the bony orbital walls and inner 
portion of the sphenoidal wing were found to 
be greatly thickened and very vascular 
(Fig. 1). 

The other global tumor, somewhat smaller 
than the one just described, lay astride the 
pterional ridge and occupied a space deep 
within the Sylvian fissure. It closely simu- 
lated the tumor described by Smith (8). The 
dark, purple, meaty tumor was easily removed 
in its entirety with the aid of the electro- 
surgical unit, but it was extremely vascular 
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and it was intimately attached to the under- 
lying bone. The pterional and alar areas, as 
well as the lateral wall of the orbit, were 
rough, thick, and very vascular when the dura 
mater was stripped free. The lateral wall and 
roof of the orbit were removed back to the 
optic foramen and the bony attachment of 
the tumor was thoroughly sparked with a 
desiccating current. This tumor proved to be 
an angioblastic meningioma, and sections of 
portions of the removed bone showed a rich 
infiltration of the tumor into the bone. The 
exophthalmos continued to recede for several 
weeks following the operation (Fig. 2). 

The 2 patients with meningioma en plaque 
had an exophthalmos of longer standing than 
did either of the two patients just described. 
In 1 of these patients the meningioma, being 
principally intra-orbital, presented itself at 
the enlarged optic foramen and extended 
sheet-like over the orbital contents just under 
the bony roof. Following removal of the 
tumor and a wide orbital decompression the 
patient’s eye receded and his facial expression 
returned to normal. This tumor was the com- 
mon variety of meningothelial cell type with 
many small whorls of cells but no psammoma 
bodies (2). Though its location certainly sug- 
gests that the tumor arose in the sheath of 
Schwalbe, slight impairment of visual acuity 
and moderate symmetrical contraction of the 
visual field in that eye speak against it. 

The other patient, a middle-aged colored 
woman, had the most marked exophthalmos 
of any patient in the series. The eye was 
completely blind and motionless, and there 
was an edema of the conjunctiva and lids of 
many months’ standing. At operation a thick 
sheet of very vascular tumor tissue was found 
to extend over the floor of the anterior and 
middle cranial fossae on the left side, centering 
about the clinoidal processes and alar ridge. 
It was impossible to remove all of the tumor, 
and when an electric burr was used in an 
attempt to open the orbital roof, dense vascu- 
lar bone was removed to a depth of over one 
inch without even reaching the space of the 
orbit. The bone of the sphenoidal wing and 
the immediately adjacent cranial floor was 
everywhere rough, greatly thickened, and ex- 
tremely bloody when it was rongeured or 


stripped of either tumor tissue or dura mater. 
Following the operation there was a distinct 
improvement in the edema of the conjunctiva 
and eye lids, but the exophthalmos remained 
unchanged. This tumor, likewise meningo- 
thelial in type, contained many vascular sin- 
uses, large and small nests or whorls of cells, 
and many fine psammoma bodies (Fig. 3). 

Another patient developed complete loss of 
vision, marked proptosis, and paralysis of the 
extra-ocular muscles on the right, over a 
period of only 3 months. At operation he was 
found to have a highly vascular mass of tissue 
which occupied the chiasmal region, and ex- 
tended laterally over the clinoidal processes, 
the sphenoidal wing, and the posterior half 
of the roof of the orbit. An extension of the 
tumor was also found in the greatly enlarged 
optic foramen. The patient withstood the 
operation very well, and a large portion of the 
tumor was removed, but on the third day he 
suddenly became comatose and expired within 
a few minutes. At autopsy many nodules 
from the size of small shot to that of a large 
grape were found over the basal dura mater, 
particularly clustered about the foramina of 
exit of the cranial nerves. One could insert the 
tip of a finger into the optic foramen, and the 
orbital roof, everywhere paper thin, was com- 
pletely absent in one area 3 by 2 centimeters. 
There was no intra-orbital mass. Several 
pathologists have studied sections of both the 
main tumor mass and the scattered nodules. 
They all show the same tumor tissue, but to 
date it has not been classified. It is most 
likely, however, a carcinoma of some unusual 
type, possibly metastatic, though a complete 
autopsy did not reveal a primary lesion else- 
where in the body. 

The remaining patient with a tumor was a 
boy of 15 who had an exophthalmos and com- 
plete blindness of the left eye. There were no 
other neurological findings, and the roentgeno- 
logical studies of the orbits showed optic 
foramina of equal size. Nevertheless, it was 
suspected that he had a glioma of the optic 
nerve, and upon operation a large mass was 
found to obscure the left optic nerve and 
optic foramen completely. When the capsule 
was incised preparatory to its removal, soit 
granular tissue oozed from the opening. At 
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Fig. 1. A large, solid meningioma arising from the right sphenoidal wing produced 
a homolateral non-pulsating exophthalmos, shown here in the patient at the time of 
operation. There was a marked thickening of the bone of the sphenoidal wing and 
orbital roof. The tumor is of the meningothelial cell type, with but little reticulin 
formation, and with a tendency to form large whorl patterns. 


that moment tremendous arterial hemorrhage 
occurred and only after a desperate struggle 
was it brought under control. Unfortunately, 
no tissue was obtained for histological veri- 
fication. The boy’s recovery was good and 
his exophthalmos has receded, probably be- 
cause of the cranial decompression opening 
which was made at the time of operation. 

Here, then, are 6 examples of unilateral 
exophthalmos with other variable neurological 
symptoms, occurring in the presence of a 
variety of tumors in or immediately behind 
the orbit. As will be pointed out later, the 
tumor type, its exact location, its duration, 
and its effect on the bones of the cranial 
lossae are matters of importance in an under- 
standing of the mechanism of the exoph- 
thalmos. 

Included in this series are 4 patients with 
uneurysms. One patient, a woman of 48 


years, presented an exophthalmos together 
with other cranial nerve symptoms which led 
to a diagnosis of a right sided paratrigeminal 
lesion. Blood was found in her cerebrospinal 
fluid, and it was believed that her symptoms 
were due to a bleeding aneurysm of the intra- 
cranial portion of the internal carotid artery. 
Her protruding eye did not pulsate, and an 
intracranial bruit was not definitely verified. 
She left the hospital without treatment and 
has since died elsewhere without an autopsy 
having been performed. 

Another patient, a woman of 41 years, 
developed a pulsating unilateral exophthalmos 
of the right eye over a period of several years, 
with no preceding history of trauma to the 
head. The eye protruded markedly, so that it 
was estimated that 50 per cent of the sclera 
was exposed. The lids were purple, edematous, 
and thickened with a tangled subcutaneous 
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Fig. 2. The thickening of the alar and pterional bone, as well as that of the pos- 
terior orbital area, locates the site of the globular meningiona of angioblastic type 
which infiltrated the underlying vascular, hyperplastic bone. The vascular sinuses of 
the tumor are lined by flattened and endothelial cells, while the solid portions are 
composed of large polyhedral meningiomatous cells. The photograph of the patient 
shows her condition on discharge after operation, when there was already a marked 


recession of the exophthalmos. 


mass of tortuous small veins. The scleral 
vessels were large and pulsating. There was 
only a slight limitation of the motion of the 
eyeball, however, and there was no diplopia. 
Visual acuity of the affected eye was 20/40; of 
the left eye, 20/50. The supra-orbital, angu- 
lar, nasal, and facial veins were visible without 
palpation and were as large as a common lead 
pencil. There was a thrill and bruit through- 


out the skull and right side of the face. The 
eye actually bounded with the pulse. It was 
impossible to obliterate completely the pulsa- 
tions and bruit by digital pressure in the neck, 
though the patient stated that when such 
pressure was applied she herself could no 
longer hear the bruit. At operation the right 
external carotid and right common caroti(| 
arteries were ligated after it was found that 
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Fig. 3. This ea en plaque of long standing caused a tremendous thicken- 
ing of the sphenoidal wing as well as of the orbital roof and the floor of the middle 
cranial fossa. It is a meningothelial meningioma of low reticulin content, containing 
psammoma bodies and showing well defined small whorl patterns. The patient is 
shown just before operation, when edema of the lids was so severe as to cover in 


most part the markedly exophthalmic left eye. 


their temporary occlusion produced no signs 
of cerebral embarrassment. The jugular vein 
was unusually large but the carotid artery was 
of normal size. No communication between 
the two in the neck was seen. Following the 
ligation there was a complete and immediate 
cessation of the bruit; pulsations were gone 
in the cheek, in the angle between the eye and 
nose, and over the forehead, and the eye not 
only ceased to pulsate but it receded remark- 
bly into the orbit. The scleral and palpebral 
\essels were greatly diminished in size and, in 


fact, the patient’s facial expression was 
changed in great measure. It is possible, how- 
ever, that due to the many possibilities of 
arterial and venous communication in this 
patient, the internal carotid may eventually 
require ligation to give a permanent result 
(Fig. 4). 

Two other patients, both men about 38 
years old, and both with a protruding, pulsat- 
ing left eye, had a history of trauma to the 
head immediately preceding the onset of their 
exophthalmos. The one patient developed a 
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Fig. 4. An arteriovenous aneurysm caused the right eye in this patient to bound with 
the pulse and to protrude markedly from the orbit. The huge supra-orbital, angular, 
and facial veins, the smaller tangled masses of veins on the upper lid, and the dusky, 
purplish sclera with its dilated vessels, all added to the grotesque appearance of the 
face. Though the exact point of arteriovenous communication was not determined, 
ligation of the right common carotid and right external carotid arteries caused a great 
decrease in the proptosis and prominence of the veins, as well as a cessation of the 
loud bruit. The upper two photographs were taken before operation; the lower two 
show the improvement after ligation of the carotids. 


prominence and pulsation of the left eye 4 
months after having been struck in the left 
occipital region by a brick. He became con- 
scious of a pounding, whirring head noise, 
increased on exertion, 6 months after the 
injury, and he developed a diplopia on looking 
to the left, in 7 months. His left eye was very 
prominent, it pulsated synchronously with the 
pulse, and the scleral and palpebral vessels 
were engorged and tortuous. Following liga- 


tion of the common carotid artery the pulsa- 
tions ceased, the eye receded, and the engorge- 
ment of the scleral and palpebral vessels 
disappeared without the development of any 
neurological complications (Fig. 5). 

The second patient was pinned between the 
floor of a garage and a motor which fell from 
its frame while he was working beneath an 
automobile. In addition to his left sided 
pulsating exophthalmos, which developed 1 
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Fig. 5. Struck in the left occipital region by a brick, this man, 4 months later, 
developed a left sided pulsating exophthalmos, dilatation of the scleral vessels, and a 
loud bruit. The upper pictures show his condition before operation, and the lower 
photographs show his eyes postoperatively when, after ligation of the left common 
carotid artery, his exophthalmos receded, the scleral vessels returned to normal, and 
the bruit disappeared. 


month following the injury, this man had a 
paralysis of various cranial nerves, including a 
bilateral facial paralysis. He complained of 
constant head pains and head noises. It was 
believed that he, like the preceding patient, 
had an arteriovenous aneurysm of the internal 
carotid artery and cavernous sinus. The left 
common carotid artery was ligated first, and 
a few days later the left external carotid was 
likewise tied off. One week following ligation 
of the external carotid the patient suddenly 
lost his speech and the power to move his 
right arm. He recovered in 2 or 3 minutes, 
and after a period of 5 minutes again lost his 
speech, which defect has remained permanent- 
lv. Upon discharge his exophthalmos had 
improved greatly, and peri-orbital and scleral 
engorgement had disappeared, and he no 
longer complained of head noises, (Fig. 6). 
Three other patients were seen, all of whom 
had a unilateral, nonpulsating exophthalmos 
without other significant neurological symp- 
toms. After careful neurological and roent- 
gcnological examination they were believed to 
have retro-orbital or intra-orbital tumors and 
were, accordingly, operated upon. No tumor 
was found at any place in the anterior or mid- 


dle cranial fossa nor toward the midline about 
the chiasm and sella and in these patients the 
bone of the roof of the orbit and the sphe- 
noidal wing was only moderately thickened. 
In each case the roof of the orbit was removed, 
and in each case the orbital contents rose into 
the decompression opening due to an apparent 
increase of intra-orbital tension. No tumor 
within the orbit was found in any of these 3 
patients. In each patient decompression of the 
orbit relieved the exophthalmos and restored 
the facial expression to a normal state. 

The 2 remaining patients, both with a left 
sided, non-pulsating exophthalmos with scleral 
and palpebral venous engorgement and pupil- 
lary fixation in dilatation, were believed to 
have tumors in the orbit or intracranially 
behind the orbit, but both refused operation 
and they have not been seen in follow-up 
examinations. 


ANALYSIS 


Six patients have been shown at operation 
to have tumors in or behind the orbit, with a 
co-existing, non-pulsating, homolateral exoph- 
thalmos. All 6 showed definite x-ray evidence 
of a tumor, in the thickening of the sphenoidal 
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Fig. 6. This man suffered a crushing injury of the head 
which was followed by paresis of several cranial nerves, 
including a bilateral facial paralysis. One month later he 
developed a left sided pulsating exophthalmos with a bruit, 
and the engorged, tortuous scleral vessels stood out promi- 
nently behind a very edematous conjunctiva. The upper 
two photographs show the condition of the patient before 
ligation of the left common carotid and left external carotid 
arteries, while the lower photograph shows the improve- 
ment brought about by the operation. 


wing and walls of the orbit, in the erosion of the 
clinoid processes or other local bone destruc- 
tion, or in the enlargement of the optic 
foramen. 

A few generalizations can be made to in- 
clude the main pattern of symptoms produced 
by these tumors, though the details of the 
symptomatology varied according to the size, 
location, duration, and histological type of the 
tumors. Four of the patients had complete 
blindness in the exophthalmic eye with pri- 
mary optic atrophy. The fifth patient showed 
an early atrophy without papilledema, and 
the remaining patient showed a moderate 
swelling of the disc but visual acuity was 
unimpaired. Neither of these latter 2 patients 
had a visual field defect. All but 1 patient had 
a weakness to complete paralysis of 1 or all of 
the extra-ocular muscles; the oculomotor being 


the nerve most extensively and most com- 
monly damaged. In those eyes which wire 
blind the pupils were dilated but not fixed io 
light stimulus, since they reacted consens\i- 
ally, though not directly, when tested with a 
bright light. The 2 remaining patients show:d 
normal pupillary reflexes. No patient suffer«d 
a localized facial pain, but all save 1 com- 
plained of headache in varying degrees of 
severity. The woman with the meningioma 
en plaque in the anterior and middle fossie 
had a mild homolateral, intermittent ear- 
ache. Other symptoms of cranial nerve in- 
volvement were absent in all of the patients. 
No patient showed any mental deterioration 
or signs of hypophyseal or hypothalamic 
damage. 

In those 3 patients suspected of having 
retro-orbital or intra-orbital tumors but in 
whom no such tumor was found at operation, 
the diagnoses were based upon x-ray findings 
which suggested a moderate increase in thick- 
ness of the orbital roof and sphenoidal wing 
and the unilateral exophthalmos. Skyds- 
gaard has pointed out that in some patients 
unilateral exophthalmos is the only symptom 
of tumors of the anterior of middle fossa, or of 
meningiomas of the sphenoidal wing. In these 
3 patients no other cranial nerve signs were 
present. It is entirely possible in 2 of these 
patients that small, intra-orbital tumors, not 
so placed as to be seen when the orbit was 
unroofed, are still present and the postopera- 
tive period is still too short to determine 
whether or not a recurrence of the exoph- 
thalmos will take place. In the third case, it 
seems unlikely that a tumor was left undis- 
covered, for the boy remains free of any return 
of symptoms now 5)% years after the explora- 
tory operation and orbital decompression. 
The cause of the exophthalmos remains unde- 
termined in these 3 patients. 

All of the patients with aneurysms had 
slight to severe involvement of the extra- 
ocular muscles, and 1 patient had a complete 
ptosis on the involved side. None of the 
patients were blind, nor did they have any 
serious loss of visual acuity in the affected 
eye. Two patients complained of a left frontal 
pain, and 3 patients complained of headache 
as well as of an increase in their head noises 
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upon exertion. X-ray evidence of the aneu- 
rysms was lacking in every case, though we 
have seen positive evidence of bone erosion 
and deposits of calcium in other patients with 
aneurysms of the internal carotid. In 3 of our 
4 cases the exophthalmos was pulsating, and 
in all the patients the prominence of the 
palpebral veins, the dilatation of the scleral 
vessels, and the increased lacrimation were 
much more marked than they were in the 
patients with tumors. Moreover, the exoph- 
thalmic eye was a much more startling object 
to behold. Certain other patients who have 
been seen with aneurysms, but without exoph- 
thalmos, have had a papilledema as well as a 
bruit, both of which improved following va- 
rious combinations of carotid artery ligation. 

In investigating the reports of others in 
their experience with unilateral exophthalmos, 
one is confronted by a variety of opinions as 
to the causes of, and the mechanics impor- 
tant in, such a condition. Randolph believed 
that sarcoma was by far the most common 
form of intra-orbital tumor, and he cited it 
as a prominent cause of unilateral exophthal- 
mos, but he did not analyze any cases of retro- 
orbital tumors. In a series of 807 intracranial 
tumors reported by Elsberg, Hare, and Dyke, 
15 patients had unilateral exophthalmos. 
Of these 15, 10 patients had meningiomas. 
There were 2 osteomas, 1 adenoma, 1 epider- 
moid, and 1 ‘“‘Paget’s disease with tumor.” 
These men did not believe that venous stasis, 
which could be supposed to result from local 
or generalized increase of pressure, is a cause 
of exophthalmos. They never saw such a con- 
dition in any of their patients, and neither 
have we. Such a mechanism has not been sat- 
isiactorily demonstrated in animals in which 
attempts have been made experimentally to 
produce exophthalmos. In accord with our 
own observations, they noted that in most of 
their patients limitation of the eyeball was in 
all directions as a rule, but the degree of im- 
paired motion was not necessarily in direct 
proportion to the degree of protrusion. They 
believed that the exophthalmos was most 


. often due to a perforation of the tumor into 


the orbit, thickening of the orbital walls, 
extension of the tumor from the cranial cavity 
through the orbital fissures or optic foramen, 


or a transference through these openings of 
the increased intracranial pressure. Our expe- 
rience with 6 patients completely substan- 
tiates this explanation for the mechanisms of 
production of unilateral exophthalmos in pa- 
tients of this category. 

The degree of exophthalmos in the presence 
of a meningioma depends upon the degree of 
encroachment upon the orbital space by the 
hyperostosis of the bony walls of the orbit, 
and upon the bulk of tumor tissue which has 
grown into the orbit either by means of 
erosion or through the natural foramina of the 
orbit. We can accept, without specific data 
to support such a contention, the theory that 
the venous return flow of blood must be embar- 
rassed toa certain degree under such conditions, 
and that there may well be an increase in the 
fibrous content of the fatty tissues surround- 
ing the globe and muscles. We do not believe 
that Mueller’s muscle is a factor in the pro- 
duction of unilateral exophthalmos in the 
human subject. Optic nerve gliomas char- 
acteristically produce an enlargement of the 
optic foramen through which they may grow 
forward, but not all optic gliomas produce an 
exophthalmos. Though apparently it is not 
commonly true, yet it is possible that a tumor, 
neither meningioma nor optic glioma, may 
produce unilateral exophthalmos when it lies 
behind the orbit. Our 1 unclassified tumor in 
this group caused no bony change other than 
erosion of the roof of the orbit and optic fora- 
men, through which openings it grew into the 
orbit, pushing the orbital contents before it. 
The closer to the orbit the site of primary 
tumor growth, the earlier will be the appear- 
ance of the exophthalmos, and accordingly, 
the tumor of lor.g standing will have caused a 
greater degree of exophthalmos than the tu- 
mor of recent growth. 

Sugar and Meyer, commenting upon the 
exophthalmos in the presence of aneurysms, 
state: “Of the several anatomic causes of 
pulsating exophthalmos, the most frequent is 
traumatic rupture of the internal carotid 
artery in its passage through the cavernous 
sinus.” They point out that aneurysms may 
be traumatic, luetic, arteriosclerotic, or con- 
genital. They explain the mechanism of the 
exophthalmos as follows: 
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“After rupture of the internal carotid artery 
there is an overflow of arterial blood into the 
venous sinus with consequent increase in the 
venous pressure and reversal of venous flow in 
the ophthalmic veins and their tributaries. 
The resulting stasis, edema, and increase in 
blood volume in the venous bed produce 
exophthalmos. Through the dilated venous 
channels the arterial pulsation is transmitted 
to the eyeball and orbital tissues. Since the 
ophthalmic veins are the only tributaries of 
the cavernous sinus which have no dense 
tissues around them, such as is present around 
the intracranial venous sinuses, they may 
dilate and give rise to the pulsating large 
venous masses often seen at the internal angle 
of the eye, usually consisting of the superior 
ophthalmic vein formed by the union of the 
supra-orbital and angular veins.” 

Cushing and Bailey do not report any 
case of pulsating exophthalmos in the presence 
of an angioma arteriale, nor have any patients 
with an arterial or venous angioma of the 
cerebrum or cerebellum in our series been 
observed to have a pulsating unilateral exoph- 
thalmos. They do point out, however, that 
though no pulsation is seen in the eye in such 
patients, frequently a bruit can be heard when 
the globe is auscultated when an angioma 
arteriale is present in the brain, and that 
therefore a unilateral exophthalmos with audi- 
ble bruit in the globe need not necessarily be 
an infallible sign of arteriovenous fistula be- 
tween the carotid and cavernous sinus. Such 
a matter of differential diagnosis is important, 
for the treatment of arteriovenous aneurysms 
and of arterial or venous angiomas is quite 
different. 

Smelser produced exophthalmos in thyroid- 
ectomized guinea pigs by the injection of 
pituitary extract, but unilateral or bilateral 
extirpation of the cervical sympathetic gan- 
glia did not affect the exophthalmos. These 
animals had been prepared previously by the 
removal of Mueller’s muscle (a large muscle 
in the guinea pig) and the exophthalmos per- 
sisted even after death. Therefore such 


exophthalmos could not be due to continuous 
sympathetic stimulation or the direct result of 
continued contraction of Mueller’s muscle. 
He did find, however, a hypertrophy of the 


periglobal soft tissues. It would be difficul: to 
explain the exophthalmos seen in our patic its 
on the basis of overactivity of the sym)a- 
thetics, and the muscle of Mueller is too small 
a structure in man to tilt the eye outward, 
and it seems improbable that it could cause 
such marked venous stasis by its contraction 
that a fibrous tissue hypertrophy would resiilt. 
Skydsgaard agrees that the exophthalmos 
present in patients with intracranial tumor is 
not due to sympathetic stimulation. 

Many a neurological surgeon has had the 
opportunity to observe patients with intra- 
cranial tumors and aneurysms who did not 
have an exophthalmos. Large retro-orbital 
tumors, such as those large, old chromophobe 
adenomas of long standing that may reach 
laterally and anteriorly far beyond the simple 
confines of the sella turcica, or the large 
tumors of the under surface of the temporal 
lobe which push forward toward the orbit, 
are of common occurrence, but they do not 
cause unilateral exophthalmos. A terrific 
increase in intracranial pressure, such as fol- 
lows the rapid growth of certain tumors of the 
posterior cranial fossa, does not produce a 
unilateral exophthalmos. Other possible 
causes for the exophthalmos having been elim- 
inated, one must always suspect a retro-orbi- 
tal tumor, either confined within the intra- 
cranial cavity or actually growing into the 
orbital space, or an arteriovenous aneurysm. 
If the lesion be a tumor, there will usually be 
confirmatory roentgenological evidence; if it 
be an aneurysm, there may or may not be 
roentgenological findings, there will usually be 
a bruit on the involved side, there may be a 
history of trauma, and there is a striking 
engorgement of the palpebral and sceral ves- 
sels. The exophthalmos will more than likely 
pulsate when an aneurysm is present, whereas 
it will be non-pulsating when caused by a 
tumor. 

The treatment of unilateral exophthalmos, 
whether due to tumor or aneurysm, is surgical. 
The tumor must be removed as completely 
as possible, both its intracranial and intra- 
orbital portions, and all bone which has been 
invaded must be removed, where this is feasi- 
ble, to prevent a recurrence. The bone re- 
moval is especially important where a fairly 
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rapidly growing meningioma has grown into 
the bone at and beyond the point of attach- 
ment of the tumor. A guide to the extent of 
this involvement is the thickening, roughness, 
and increased vascularity of the bone. The 
tumor and tumor-containing bone having been 
removed, the orbital contents must be given 
more space when a hyperostosis appears to 
be present. This is accomplished by the 
removal of the roof of the orbit and a portion 
of the lateral wall, care being taken not to 
damage the structures at the optic foramen, 
the intra-orbital muscles, vessels, and nerves, 
and the ethmoid and frontal sinuses. A trans- 
frontal osteoplastic flap is the operative 
approach of choice. 

The vascular lesion causing unilateral 
exophthalmos is more often behind the orbit 
than within it (Sugarand Meyer, and McNair). 
In selected cases an aneurysm of the in- 
ternal carotid in its intracranial portion may 
be attacked directly by intracranial operation, 
but most neurological surgeons will agree that 
carotid ligation in the neck offers the most avail- 
able, safest, and eventually the most satisfac- 
tory treatment of either simple aneurysm or of 
arteriovenous aneurysm. After preliminary 
testing by external mechanical pressure applied 
by a collar and by temporary occlusion of the 
carotid when exposed at operation, the common 
carotid alone or in combination with either or 
both the internal and external carotids, may be 
ligated with strong silk. It is the rule that 
ligation of the common and external carotid 
arteries, done with due precaution and prep- 


aration, does not cause the development of 
any neurological defects resulting from cere- 
bral anemia. Such ligations alone may pro- 
duce sufficient improvement in the exoph- 
thalmos as to preclude further surgery, but 
often the internal carotid artery must be 
ligated and then the surgical risk and result 
are seriously affected. Finally, in severe and 
long standing cases, it may be necessary to 
perform an orbital decompression in order to 
protect the eyeball adequately. 
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THE TREATMENT OF DIFFUSE PERITONITIS BY THE 
DIRECT INTRAPERITONEAL INTRODUCTION 
OF SULFANILAMIDE 


S. ROSENBURG, M.D., F.A.C.S., and NORMAN M. WALL, M.D., Pittsburgh, Pennsylvania 


VER since the more recent work on the 
therapeutic activity and mode of ac- 
tion of sulfanilamide, there have been 
various reports on the effects and 

methods by which sulfanilamide achieves its 
results, for the most part, on beta hemolytic 
streptococci. All authors have stressed the 
fact that there is no bactericidal effect in the 
sense that an antiseptic like iodine might at- 
tack infective organisms. This we feel has 
given rise to the general impression that in or- 
der to be effective in a specified local area, 
sulfanilamide must be given systemically. It 
is our impression, not yet definitely proved, 
that when sulfanilamide can be utilized lo- 
cally—such as in the peritoneal cavity—and 
the concentration maintained at the proper 
level, the same therapeutic result and even a 
better result may be obtained than by its pure 
systemic use. 

Long and Bliss (7) in one of their original 
articles showed that sulfanilamide in certain 
concentrations, when placed in contact with 
cultures containing beta hemolytic strepto- 
coccus definitely inhibited multiplication of 
the organisms. 

Colebrook and Kenny (2) have pointed out 
that the serum of a patient ill with strepto- 
coccic puerperal sepsis becomes increasingly 
bacteriostatic to the organism after multiple 
doses of prontosil. Long and Bliss were un- 
able to verify this work, partly due to the fact 
that human serum is often bactericidal to 
strains of streptococci. It is probable that 
statements such as that of Colebrook and 
Kenny have been to a great extent responsible 
for the lack of utilization of sulfanilamide as a 
local agent in the treatment of various infec- 
tions. 


From the Surgical Service of Herbert Frankenstein, M.D., and 
Isaac Kaufmann Foundation of the Montefiore Hospital, Pitts- 
burgh, Pennsylvania. 


Domagk, in his original paper, made note of 
the importance of phagocytosis in the action 
of sulfanilamide. Levaditi and Vaisman at- 
tributed this increase in phagocytosis to the 
interference with the bacterial capsule forma- 
tion. 

Long and Bliss (8) conclude that there is no 
bactericidal effect in the action of sulfanila- 
mide and moreover definitely decide that the 
serums of patients treated with sulfanilamide 
exert little if any bactericidal effect on beta 
hemolytic streptococci. They feel that there 
is a definite bacteriostatic effect in vivo as well 
as in vitro and ascribe to phagocytosis the so 
called clean-up réle. 

The fundamental observations of Marshall 
show that sulfanilamide is quickly absorbed 
when it is administered orally or parenterally. 
He has shown that it becomes distributed 
with surprising uniformity throughout all 
the tissues, including the tissues of the in- 
fected site. 

Colebrook, Buttle, and O’Meara (1) have 
definitely shown that it made no essential 
difference whether the sulfanilamide-laden 
blood was obtained from a treated patient or 
through the addition of the chemical to nor- 
mal blood. They both had the property to 
kill beta hemolytic streptococci and prevent 
their multiplication in vitro. 

J. S. Lockwood (5) has beautifully demon- 
strated that phagocytosis is not necessary 
(in vitro at least) to interfere with bacterial 
growth. Interference takes place to the same 
extent in human serum which contains no 
phagocytes. Moreover, he has also shown 
that the presence of peptone is important in 
the action of sulfanilamide. He thus con- 
cluded that sulfanilamide acts upon hemo- 
lytic streptococci by interference with their 
protein digesting mechanism. This accounts 
for the fact that sulfanilamide is of greatest 
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value in lesions in which there is a minimum 
of tissue destruction. 

In a later rather extensive and detailed re- 
port Lockwood (6) comes to the following con- 
clusion: “It is possible that sulfanilamide 
combines in some way with the free amino- 
nitrogen of protein degradation products and 
renders them unsuitable for bacterial utiliza- 
tion”; thus allowing the bacteria to die liter- 
ally by starvation. This concept would ap- 
pear to explain why the sulfanilamide com- 
pounds are active only against certain organ- 
isms. It begins to appear that sulfanilamide is 
not so much specific against any organism 
per se as it is particularly beneficial against 
any organism which is not protected by a 
strong wall composed of proteolytic products. 
Thusit is known that sulfanilamide is not effec- 
tive against hemolytic streptococciin abscesses, 
but may be effective against staphylococcus 
in the presence of a staphylococcic cellulitis. 
This preliminary survey brings us to our main 
thesis: i.e. the local application of sulfanilamide 
to the healing of infected tissues. We have tried 
to bring out the fact that the main idea of sul- 
fanilamide therapy is to secure an effective 
concentration of sulfanilamide or possibly a 
direct derivative at the infected site. We rea- 
son then, that sulfanilamide should be utilized 
locally in high concentration whenever prac- 
tical. We cannot understand why this partic- 
ular phase of sulfanilamide therapy should 
have been pushed into the background. If 
unmodified sulfanilamide is the effective agent, 
one should logically be able to utilize it in this 
manner and if an oxidation product is the ac- 
tive agent, there is no reason why this cannot 
be formed in a wound such as a granulating 
cavity or inflamed peritoneal surface. If Lock- 
wood’s experiments have good foundation, 
and we have every reason to believe that they 
have, then the most important aim in paren- 
teral therapy is to get a high concentration of 
sulfanilamide at the infected site. Surely this 
can often be obtained more easily by local in- 
troduction than by the systemic route. 

It occurred to us that the peritoneum would 
be an ideal site to test this theory. If, on en- 
countering a diffuse or localized peritonitis at 
operation, one could instill sulfanilamide in 
the form of a crystalline product before closing 
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Graph 1. Experiment 1. 


the peritoneal cavity, one might then have a 
definite protection against the further spread 
of the process, provided the focus were re- 
moved. In no way do we wish to deprecate 
the valuable effect of sulfanilamide given sub- 
cutaneously in the treatment of peritonitis, 
for we know it to be of inestimable importance. 
However, it is our feeling that sulfanilamide, 
when introduced into the peritoneal cavity in 
the form of a crystalline powder and subse- 
quently reinforced by subcutaneous introduc- 
tion of a 0.8 per cent solution of sulfanilamide, 
is a definite advance in our armamentarium 
against the ravages of peritonitis. We know 
certainly that the sulfanilamide introduced 
into the inflamed peritoneal cavity of humans, 
permeates the tissues rapidly and is found in 
the blood stream soon afterward in a fairly 
high concentration. It is in all probability 
re-excreted into the peritoneal cavity as well 
as other tissues. Inasmuch as the number of 
cases of generalized peritonitis any one man 
can have is limited we felt that if we could re- 
produce in rats the conditions found in human 
peritonitis, we might have some justification 
for our clinical impression, and thus perhaps 
encourage others to utilize sulfanilamide in this 
way. 

In our experiments we have made our prob- 
lem rather difficult by selecting no particular 
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Sulfanilamide 
Amount 
Amount 
in mgm. Route 


Result 


TABLE I.—THE EFFECT OF SIMULTANEOUS INJECTION OF POSITIVE CULTURES AND 
SULFANILAMIDE POWDER INTO THE PERITONEAL CAVITY OF RATS, DURING 
_THE PERIOD OF FEBRUARY 1, 1940 TO MARCH 14, 1940 


Postmortem 
examination 


Postmortem 
culture 


I 2-1-40 | Strep. B. coli 0.5 None Dead. todays | Peritonitis Strep. B. coli 

2 2-1-40 | Strep. B. coli 0.5 150 |e Living 

2 2-2-40 | Strep. B. coli 0.5 None Dead. 24 hours | Early peritonitis Strep. B. coli 

4 2-2-40 | Strep. B. coli 0.5 200 LP Dead. 24 hours | Early peritonitis Strep. B. coli 

5 2-3-40 | Strep. B. coli 0.25 None Dead. 24 hours | Necrosis, peritonitis Strep. B. coli 7 
6 2-3-40 | Strep. B. coli 0.25 200 LL? Living 


dilated stomach 


7 2-4-40 | B. coli Entero 0.75 None Dead. 24 hours | Necrosis, peritonitis Entero B. coli 
2-4-40 | B. coli Entero 0.75 200 LP Dead. 24 hours | Early peritonitis Strep. B. coli 
9 2-5-40 | B. coli Strep. 0.25 None Dead Early peritonitis B. coli Strep. 
10 2-5-40 | B. coli Strep. 0.25 250 ae Living 
II 2-6-40 | B. coli Strep. 0.25 None Dead Muddy peritoneum, B. coli Strep. 


2-6-40 


B. coli Strep. 


Living 


2-7-40 


Strep. B. coli 


Dead 


Exudative peritonitis 


Strep. B. coli 


2-7-40 


Strep. B. coli 


Living 


2-8-40 | Strep. B. coli Dead Peritonitis Strep. B. coli 
16 2-8-40 | Strep. B. coli 0.25 200 LF Dead Peritonitis Strep. B. coli 
17 2-10-40 | Strep. B. coli 0.25 None Dead Peritonitis Strep. B. coli 
18 2-10-40 | Strep. B. coli 0.25 200 ‘.F Dead Peritonitis Strep. B. coli 


19 2-12-40 | B. coli : : 0.25 } Dead Peritonitis B.coli 
Gram positive diplococci Gram positive 
diplococci 
20 2-12-40 | B.coli 0.25 150 Living 
Gram positive diplococci 100 eS 
(24 hrs.) 
21 2-14-40 | B. coli 0.25 None Dead Peritonitis B. coli 
Gram positive 


diplococci 


B. coli 


Died in convul- 


Peritoneum clean 


B. coli 


sion soon after Gram positive 
sulfanilamide diplococci 
23 2-16-40 | B. coli : 0.25 None Dead Peritonitis—muddy B.coli 
Gram positive diplococci Overdose? tissues Gram positive 
iplococci 


24 2-16-40 | B. coli 0.25 150 Living 
Gram positive diplococci 

25 2-18-40 | Gram positive diplococci 0.33 None Dead Foul smelling Gram positive 
B. coli peritonitis diplococci 


B. coli 


Gram positive diplococci 0.33 200 LF Dead Peritoneum looked Gram positive 
B. coli diplococci 
B. coli 
27 2-19-40 | Gram positive diplococci 0.33 None Dead Foul peritonitis Gram positive 
B. coli diplococci 
B. coli 
28 2-19-40 | Gram positive diplococci 0.33 200 5. P. Dead No odor—peritoneum | Gram positive 
B. coli looked clean diplococci 
B. coli 
29 2-20-40 ond diplococci 0.33 None Dead Dilated bowels Strep. B. coli 
. coli 
30 2-20-40 | Gram positive diplococci 0.33 5° iP, Living 
B. coli 
~trep., streptococcus I. P., intraperitoneal 
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TABLE I.—THE EFFECT OF SIMULTANEOUS INJECTION OF POSITIVE CULTURES AND 
SULFANILAMIDE POWDER INTO THE PERITONEAL CAVITY OF RATS, DURING 
THE PERIOD OF FEBRUARY 1, 1940 TO MARCH 14, 1940—Continued 


Sulfanilamide 


Culture 
Amount 


injection 
in mgm. 


Postmortem 
culture 


Postmortem 
examination 
Route 


2-21-40 | B. coli None 


Dead Peritonitis B. coli 


2-21-40 | B. coli 50 


Dead Peritonitis B. coli 


2-28-40 | Strep. B. coli None 


Dead Peritonitis Strep. B. coli 


2-28-40 | Strep. B. coli 


Living 


3-90-40 | B. coli Strep. 


Dead Foul peritoneal exudate 


36 B. coli Strep. 


Living 


37 3-10-40 | B. coli 


Living 


38 3-10-40 | B. coli 


Dead Peritonitis B. coli 


39 3-12-40 | Strep. B. coli 


Dead Peritonitis B. coli Strep. 


4° 3-12-40 | Strep. B. coli 


B. coli 


Dead. 36 hours 
later 


41 3-14-40 | Strep. B. coli 


Dead Peritonitis Strep. B. coli 


42 3-14-40 | Strep. B. coli 


Living 


Strep., streptococcus 
I. P., intraperitoneal 


organism. Cultures were taken from the aspi- 
rated contents of acute suppurative appendices 
or from the peritoneum of peritonitis cases. 
We felt that the human peritoneum has no 
chance to select the particular organism which 
invades it and in this sense we might repro- 
duce the situation in the rat. Thus, varying 
amounts of different cultures were injected 
intraperitoneally into two rats, one of which 
was given a simultaneous intraperitoneal in- 
jection of sulfanilamide suspended in saline. 
The control rat was given a corresponding 
amount of saline intraperitoneally to equalize 
any factor of dilution. The results are tabu- 
lated in Table I. 

In this series of 42 white rats injected sub- 
cutaneously with varying amounts of cultures 
consisting for the most part of Bacillus coli, 
Streptococcus nonhemolyticus, and gram posi- 
tive diplococci, 20 of a possible 21 unprotected 
rats died in various stages of peritonitis. In 
contrast to this 11 of 21 rats protected by in- 
traperitoneal sulfanilamide lived indefinitely. 
One rat died in convulsions, apparently from 
an overdose of sulfanilamide and 1 died 36 


hours after the unprotected rat. We empha- 
size that the conditions of the experiment 
were rather severe inasmuch as a variety of 
organisms were introduced and the strepto- 
coccus was at no time of the beta hemolytic 
type. Perhaps if only one organism were used 
the results would have been even more strik- 
ing. The results are expressed in Graph 1. 

In the second phase of the study an even 
more rugged type of experiment was set up. 
An attempt was made more faithfully to re- 
produce the situation met with in human peri- 
tonitis. In other words sulfanilamide was not 
introduced for varying lengths of time follow- 
ing the intraperitoneal injection of mixed cul- 
tures and consequently a peritonitis of vary- 
ing duration was present when sulfanilamide 
was introduced. Another variation was in- 
troduced in that, in addition to instilling the 
drug intraperitoneally another rat was utilized 
for the subcutaneous administration of a simi- 
lar dose. Thus an attempt was made to show 
that the intraperitoneal route has advantages 
or disadvantages over the subcutaneous route 
in the administration of sulfanilamide. It 


ate 
31 
33 
34 0.3 50 
25 
35 0.3 None B. coli 
Diplococci 
Strep. 
0.3 75 LP. | 
75 
78 acy 
0.4 None | 
0.4 75 
0.4 None 
75 
0.4 None 
0.4 75 : 
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TABLE II.—THE INJECTION OF INTRAPERITONEAL SULFANILAMIDE POWDER AND 
SULFANILAMIDE SOLUTION IN ADVANCED PERITONITIS OF RATS, DURING 
PERIOD OF MARCH 23, 1940 TO APRIL 28, 1940 


Sulfanilamide 
‘J Amount | tion of Postmortem Postmortem 
No. | Date Culture c.cm. | perito- | 4 Result examination culture 
nitis | Amount | Route 
in mgm. 
1 | 3-23-40] B. coli Dip. 0.5 4 hrs. None Died. 24 hrs. Peritonitis B. coli Strep. = 
B. pyocyaneus Strep. B. pyocyaneus 
. coli Dip. 0.5 4 hrs. Living 
] . pyocyaneus Strep. 
3 | 3-23-40] B. coli Diplococci 0.5 4 hrs. 2. Living 
B. pyocyaneus Strep. 100 
4 _ 24 hr. 
intervals 
4 |3-25-40] B. coli Strep. 0.5 6 hrs. None Dead. 24 hrs. Full blown B. coli Diplococci 
B. pyocyaneus peritonitis B. pyocyaneus 
5 | 3-25-40] B. coli Strep. 0.5 6 hrs. 100 P. Died 11 days Abscess abdominal B. coli Diplococci 
B. pyocyaneus 60 after injection wall. Adhesions 
: . coli Strep. Dead. 36 hrs. Peritonitis B. coli Diplococci 
. pyocyaneus ° B. pyocyaneus 
7 | 3-26-40] B. coli Strep. 0.3 16 hrs. None Dead. 24 hrs. Peritonitis B. coli Strep. 
pyocyaneus Entero 
. coli Strep. Living 
. pyocyaneus 100 
24 hr. 
intervals 
9 | 3-26-42] B. coli Strep. 0.3 16 hrs. 100 S. Q. Dead. 24 hrs. Peritonitis B. coli 
i B. pyocyaneus B. pyocyaneus 
10 | 3-27-40] B. coli Strep. 0.4 16 hrs. None Died in 10 days. | Abdominal abscess, | B. coli Diplococci 
B. pyocyaneus (Lived longest) sign of peritonitis 
11 | 3-27-40] B. coli Strep. 0.4 16 hrs. 5. P. Died in 6 days Peritonitis 
B. pyocyaneus (5 days longer 
than S. Q.) 
12 | 3-27-40] B. coli Strep. 0.4 16 hrs. Ss. Q. Died in 24 hrs. | Fluid-early peritonitis 
B. pyocyaneus 
13 | 3-30-40] B. coli Strep. Died in 36 hrs. | Early peritonitis Diplococci 
B. pyocyaneus B. coli Strep. 
B. pyocyaneus 
14 | 3-30-40] B. coli Strep. 0.4 16 hrs. 100 3... Living 
B. pyocyaneus : 
intervals 
. coli Strep. 0.4 16 hrs. 100 S. Q. Living 
. pyocyaneus 100 
24 hr. 
intervals 
. coli Strep. Died in 24 hrs. Peritonitis B. coli Strep. 
17 4-1-40 | B. coli Strep. 0.25 6 hrs. 80 |e A Died in 72 hrs. Peritonitis B. coli Strep. 
> (Weak, thin rat) | pneumonia? Staph. 
24 hr. 
intervals 
. coli Strep. 
19 | 4-2-40 | B. coli Strep. 0.25 6 hrs. None Distention Distention B. coli Strep. 


S. Q. subcutaneous. 
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No. Date Culture 


Dura Sulfanilamide 
tion 0} 
Result 
perito- 
nitis Amount Route 


Postmortem 
examination 


Postmortem 
culture 


20 | 4-2-40 | B. coli Strep. 


6 hrs. 80 


LP. | Living 


21 | 4-2-40 | B. coli Strep. 0.25 6 hrs. 80 &.6. Dead. 30 hrs. —_ peritonitis- B. coli Strep. 
ul 
22 | 4-3-40 | Strep. B. coli Entero 0.3 8 hrs. None Dead. 4-12-40. | Abdominal wall B. coli 
B. pyocyaneus (2 days longer abscess B. pyocyaneus 
than S. Q. Entero 


B. pyocyaneus Strep. 
B. coli Entero 


0.3 


8 hrs. 80 


L P. Dead. 4-19-40 
(9 days longer 
than S. Q.) 


Peritonitis-abscess 


B. coli Strep. 


Strep. B. coli Entero 


Died in 24 hrs. 


Peritonitis 


Entero B. coli 


B. pyocyaneus B. pyocyaneus 
80 Diplococci 
25 4-4-40 | B. coli Strep. Entero 0.3 8 hrs. None Living 
26 | 4-4-40 | B. coli Strep. Entero 0.3 8 hrs. 80 eA Living 


. coli Strep. Entero 


Died. 24 hrs. 


Severe peritonitis 


Strep. B. coli 
Entero 


. coli Strep. Entero 


0.5 


Died. 4-20-40 
(9 days longer 
than S. Q.) 


Severe peritonitis 


B. coli Entero 


. coli Strep. Entero 


24 hr. 
intervals 


Lived 


30 | 4-6-40 | B. coli Strep. Entero 


0.5 


20 hrs. 80 
80 


S.Q. Died. 4-11-40 


Peritonitis 


B. coli Entero 


478-40 . coli Diplococci 0.5 12 hrs. None Died. 24 hrs. Peritonitis B. coli 
Gram positive 
diplococci 
4-8-40 | B. coli Diplococci 0.5 12 hrs. 80 | yA Died. 24 hrs. Peritonitis B. coli Entero 
4-8-40 | B. coli Diplococci Died. 24 hrs. Peritonitis B. coli Entero 
34 | 4-10-40] B. coli Strep. 0.4 16 hrs. None Died. 4-8-40 Localized peritonitis | None 
35 | 4-10-40] B. coli Strep. 0.4 16 hrs. 80 LP. Lived 
36 | 4-10-40] B. coli Strep. 0.4 16 hrs. 80 S. Q. Lived 


37. | 4-13-40] B. coli Strep. 


0.5 


6 hrs. 


Died. 24 hrs. 


B. coli Strep. 


38 | 4-13-40] B. coli Strep. 


Died. 


Peritonitis 


. coli Strep. 


39 | 4-13-40 | B. coli Strep. 0.5 6 hrs. 40 &. a; Died. 4-18-40 Marked plastic B. coli Strep. 
4° (lived 48 hrs. exudate 
24 hr. longer than 
intervals LP.) 
40 | 4-15-40] B. celi Diplococci 0.5 6 hrs. None Died. 4-16-40 | Peritonitis B. coli 
B. pyocyaneus B. pyocyaneus 
41 | 4-15-40] B. coli Diplococci 0.5 6 hrs. 5° |e Died. 4-19-40 | Peritonitis B. coli 
B. pyocyaneus 50 (lived 3 days B. pyocyaneus 
24 hr. longer than 
intervals S. Q.) 


S. Q. Subcutaneous 


0.25 
80 
- 24 hr. 
intervals 
80 
80 
40 
40 
4-12-40 
- 24 | 43-40 | | 8 hrs. 80 
i 
| 
i 80 
24 hr. 
- intervals 
27 | 4-4-40 | 0.3 8 hrs. 80 
28 | 4-6-40 | = 2ohrs. | None 
= 
- 
4° 
24 hr. 
intervals ‘i 
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TABLE II.—THE INJECTION OF INTRAPERITONEAL SULFANILAMIDE POWDER AND 
SULFANILAMIDE SOLUTION IN ADVANCED PERITONITIS OF RATS, DURING 
PERIOD OF MARCH 23, 1940 TO APRIL 28, 1940—Continued 


Date 


Culture 


Amount 
c.cm. 


Dura- 

tion of 

perito- 
nitis 


Sulfanilamide 


Route 


Result 


Postmortem 
examination 


Postmortem 
culture 


4-15-40 


B. coli Diplococci 
B. pyocyaneus 


0.5 


6 hrs. 


intervals 


Died. 4-16-40 


Peritonitis 


. coli 
- pyocyaneus 


4-16-40 


Diplococci B. coli 
B. pyocyaneus 


None 


Died. 4-17-40 


Peritonitis 


coli 
pyocyaneus 


4-16-40 


Diplococci B. coli 
B. pyocyaneus 


50 


Died. 4-17-40 


Peritonitis 


coli 
. pyocyaneus 


4-16-40 


Diplococci B. coli 
B. pyocyaneus 


50 


Died. 4-17-40 


Peritonitis 


coli 
+ pyocyaneus 


4-17-40 


. coli Strep. 


Died. 4-28-40 


Peritonitis local 


Strep. B. coli 


4-17-40 


. coli Strep. 


Lived 


4-17-40 


Died. 5-14-40 


4-18-40 


. coli Strep. 


Died. 4-19-40 


Peritonitis-fluid 


B. coli Strep. 


4-18-40 


B 
B 
B. coli Strep. 
B 
B 


. coli Strep. 


Died. 4-20-40 

(lived 24 hrs. 
longer than 
S. Q.) 


Peritonitis exudate 


B. coli Strep. 


. coli Strep. 


Died. 4-19-40 


Peritonitis-fluid 


B. coli Strep. 


. coli Strep. 


Died. 4-20-40 
(Toxic absorp- 
tion) 


Free fluid 


B. coli Strep. 
Saprophytes 


. coli Strep. 


Died. 4-20-40 
(Toxic absorp- 
tion) 


Free fluid 


B. coli Strep. 
Saprophytes 


. coli Strep. 


Died. 4-20-40 
(Toxic absorp- 
tion) 


Free fluid 


B. coli Strep. 
Saprophytes 


47-22-40 


. coli Strep. 


Dead. 4-23-40 


Dilatation, 
discoloration 


B. coli Entero 


47-22-40 


. coli Strep. 


Dead. 4-24-40 
(24 hrs. longer) 


Muddy fluid, some 
exudate 


. coli Entero 


47-22-40 


. coli Strep. 


Dead. 4-23-40 


Much fluid 


. coli Entero 


47-22-40 


. coli Strep. 


Living 


. coli Strep. 


Dead. 4-23-40 


Much fluid 


. coli Entero 


. coli Strep. 


Dead. 4-29-40 
(6 days longer) 


Peritonitis exudate 


. coli Entero 


61 | 4-22-40 


. coli Strep. 


4723-40 


Much fluid 


. coli Entero 


62 | 4-23-40 


. coli Strep. 


+ 47-24-40 


Free fluid 


. coli Strep. 


63 | 4-23-40 


. coli Strep. 


47-24-40 


Free fluid 


. coli Strep. 


64 | 4-23-40 


B. coli Strep. 


47-24-40 


Free fluid 


. coli Strep. 


65 | 4-26-40 


B. coli Strep. 


4728-40 


Peritonitis 


. coli Strep. 


S. Q., subcutaneous 
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in mgm. 
2 | = 50 B 
43 | 0.6 6hrs. | B 
0.6 6 hrs. = B 
69 
s 0.6 6 hrs. = B 
| 0.5 4 hrs. None 
0.5 4 hrs. 50 shot 
—— os | ahs.| so | 50 | hou 
so | 0.5 7 hrs. 7° 5. P. 
man 
whe 
st | 4-18-40| os | 7hrs. 70 | cash 
52 |4-19-40| BE 0.5 7 hrs. None 
53 |4-19-40| BE 0.5 7 hrs. 50 
and 
s4 | 4-19-40] 7 hrs. 50 S.Q. late 
SS 0.5 shrs. | None trea 
SO | 0.5 5 hrs. 5° P. 
4-22-40 witl 
30 
47-23-40 17 § 
7 0.5 5 hrs. 50 =: nite 
4-22-40 ably 
| 0.5 5 hrs. 50 Le. resu 
4-22-40 
30 
23-40 
sam 
59 | 4-22-40| 0.5 5 hrs. 5° S.Q. tect 
47-22-40 
60 | 4-22-40] 0.5 5 hrs. 50 1. P. 
nite 
47-23-40 The 
25 
47-24-40 be ] 
os | shrs. 50 | Orot 
4-22-40 - in fe 
0.35 | 11 hrs. None Dead: | mal 
| 0.35 | 11 hrs. 5° IP. | | trea 
0.35 | 11 hrs. 50 S.Q. | | 
0.5 5 hrs. None Died | ( Gr 


ROSENBURG, WALL: SULFANILAMIDE TREATMENT OF DIFFUSE PERITONITIS 575 


TABLE II.—THE INJECTION OF INTRAPERITONEAL SULFANILAMIDE POWDER AND 
SULFANILAMIDE SOLUTION IN ADVANCED PERITONITIS OF RATS, DURING 
PERIOD OF MARCH 23, 1940 TO APRIL 28, 1940—Continued 


Sulfanilamide 
7 Amount | tion of Postmortem Postmortem 
No. | Date Culture c.cm. | perito- | 4 mount Result examination culture 
nitis in mgm. Route 
66 | 4-26-40] B. coli Strep. 0.5 5 hrs. 75 eA Living 
4-20-40 
67. | 4-26-40] B. coli Strep. 0.5 5 hrs. 75 s.Q. Living 
4-26-40 
68 | 4-28-40] B. coli Strep. 0.5 6 hrs. None Died. 4-29-40 | Peritonitis B. coli Strep. 
69 | 4-28-40] B. coli Strep. 0.5 6 hrs. 80 LP. Died. 4-29-40 Peritonitis B. coli Strep. 
70 | 4-28-40] B. coli Strep. 0.5 6 hrs. 80 &.¢6. Died. 4-29-40 | Peritonitis B. coli Strep. 


S. Q., subcutaneous 


should be stressed that a peritonitis of 4 to 20 
hours’ duration in a rat of 150 to 200 grams is 
comparable in severity to one of days in a 
human being. It also should be emphasized that 
many of these rats were already extremely ill 
when the sulfanilamide was introduced. Oc- 
casionally an untoward result occurred, such 
as an unprotected rat living while the rat with 
sulfanilamide died. We cannot always explain 
such results. The variation in individual rats 
and susceptibility to dosage of sulfanilamide 
probably are factors. These results are tabu- 
lated in Table II. 

In this experiment the ability to save the 
treated rats was not as great as we would have 
liked. However, of a possible 24 rats protected 
with intraperitoneal sulfanilamide, there were 
17 good results (10 of the rats lived indefi- 
nitely). More detailed treatment would prob- 
ably have been even more productive of good 
results. The subcutaneous route showed some 
degree of curative value also, but not to the 
same extent as the intraperitoneal route. In 
this phase of the experiment, of 24 rats pro- 
tected with subcutaneous sulfanilamide there 
were 7 good results (5 of which lived indefi- 
nitely). In the control rats, of 22, 1 rat lived. 
These results are shown in Graph 2. It should 
be re-emphasized that this was a rather rig- 
orous experiment; peritonitis had already set 
in for a varying number of hours and the ani- 
mals were already quite sick when they were 
treated. 

In summarizing experiment 2 the general 
effectiveness of sulfanilamide can be shown 
(Graph 3). Thus of 48 rats given sulfanila- 


mide either intraperitoneally or subcutane- 
ously from 4 to 20 hours after peritonitis had 
set in there were 24 good results. 

The final estimate of this therapeutic meas- 
ure rests with its trial in human patients who 
have fallen victim to diffuse peritonitis. We 
must reiterate that our experience has been 
very small. There have been in all only 4 
cases of widely different variety in which it 
has been utilized. None of these cases neces- 
sarily proves anything with the exception of 
the fact that sulfanilamide which is intro- 
duced intraperitoneally is in no way locally 
destructive or harmful to delicate tissue 
such as the serosa of bowel. 


SUMMARY AND CONCLUSION 


Most of the papers which have been written 
to date have emphasized the use of sulfanila- 
mide in a systemic manner. The main pur- 
pose of this work is to show that sulfanilamide 
acts locally even though indirectly in some 
fashion which is not yet clear. If sulfanilamide 
can be applied to a local area and kept in con- 
tact with this area, it is taken up by the tissues 
and permeates them thoroughly. This is evi- 
denced by its detection in the blood in very 
appreciable quantities following intraperito- 
neal implantation in humans. Traces can 
even be detected in the blood stream following 
local application to a granulating wound such 
as a varicose ulcer. We have demonstrated 
this fact in human beings to our complete 
satisfaction. 

We feel that the peritoneum is an ideal site 
for the local use of sulfanilamide. At opera- 
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NO OF RATS| 


Ypy-\VED FROM 
TO 11 DAYS 


INJECTED WITH ORIGINAL 
INTRAPERITONEAL SULFANILIMIDE 


CULTURE 


SUBCUTANEOUS SULFANILIMIDE 


NO SULFANILIMIDE 


Graph 2. Experiment 2. 


tion, if one encounters a diffuse peritonitis, 
sulfanilamide powder in the dosage of 1 to 4 
grams can be placed in the peritoneal cavity 
after removal of the focus and before closure 
is carried out. 

Our experiments with rats although by no 
means conclusive show some degree of protec- 
tion afforded by intraperitoneal implantation 
of sulfanilamide. The first experiment in no 
way settles the contention that the beneficial 
effect of sulfanilamide was due to its local 
effect although we lean to this explanation. 
However, more experiments are being con- 
ducted to prove this point. The second ex- 
periment tends to confirm in a small way that 
intraperitoneal sulfanilamide has some advan- 
tage over the parenteral method suggesting 
that the action is more than that of absorption 
and systemic action, and probably due to sul- 
fanilamide action because of increase in the 
drug concentration at this point. We are sure 
of one fact, and that is that intraperitoneal sul- 
fanilamide is not irritating to the peritoneum 
and apparently is not harmful to the individ- 
ual. We feel it is advantageous to be able to 
obtain a high concentration of sulfanilamide 
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INJECTED WITH ORIGINAL CULTURE 


WITHOUT SULFANILIMIDE 


WITH SULFANILIMIDE 


Graph 3. Summary of Experiment 2. 


in the peritoneal cavity at the time of and im- 
mediately following operation. We must em- 
phasize that in the human being one cannot 
depend on the one instillation of intraperito- 
neal sulfanilamide. This must be immediately 
augmented by subcutaneous sulfanilamide. 
Ravdin has shown a remarkably low mortal- 
ity rate in the treatment of all types of acute 
appendicitis since the subcutaneous use of sul- 
fanilamide has been introduced. We feel that 
this is a definite forward step in the treatment 
of peritonitis. It is our opinion that the intro- 
duction of powdered sulfanilamide into the 
peritoneal cavity at operation after the re- 
moval of the offending focus will result in an 
even lower mortality rate. This procedure is 
not offered as any substitute for time honored 
and well established methods which are util- 
ized in the treatment of peritonitis, but 
merely as an additional weapon in the con- 
stant struggle against this dread disease. 
Many times we have stood by the bedside, 
feeling terribly helpless in the presence of a 
slowly advancing diffuse peritonitis, hoping 
against hope that nature’s defenses would be 
able to stem this awful invader. Too many 
times the invader has won and we have had to 
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admit defeat. Sulfanilamide given intraperi- 
toneally and subcutaneously in adequate dos- 
age gives the surgeon a positive weapon with 
which to fight this insidious infection and 
with which to meet it on perhaps slightly 
more equal terms 


Case 1. M. P., aged 8% years, female, was ad- 
mitted to the hospital February 24, 1940; operation 
was done February 24, 1940; and she was discharged 
April 1, 1940. Patient gave a history of abdominal 
pain which had been present 3 days. 

Physical examination showed a very sick child 
with abdomen generally distended, rigid, and tender. 
Peristalsis was absent. Temperature was 103.6 de- 
grees; pulse, 160; respirations, 35. The white blood 
cells numbered 50,153; polymorphonuclears, 93 per 
cent; lymphocytes, 3 per cent; large mononuclears, 
4 per cent. 

At operation there was found a diffuse purulent 
peritonitis. The appendix, perforated and pointing 
up under the liver, was removed, Penrose drains 
were inserted, and 15 grains of sulfanilamide was 
placed in the peritoneal cavity before closure. Cul- 
ture from the peritoneal cavity showed the Bacillus 
coli and the streptococcus. 

Convalescence was stormy and patient was given 
4 grams of sulfanilamide daily in 24 hour periods for 
7 days. 

Following this she was given sulfanilamide by 
mouth 1-110 grains three times a day for 2 days. On 
discharge the wound was healed and there was no 
evidence of residual abscesses. 

CasE 2. M.R., aged 45 years, female, was ad- 
mitted to the hospital, April 24, 1940; operation was 
done April 26, 1940. In hospital at present May 24, 
1940. 

In the past ro years patient had 5 laparotomies 
for pelvic disease. The last one, one year before ad- 
mission, was performed to relieve intestinal obstruc- 
tion. Patient had partial intestinal obstruction when 
admitted. After Wangensteen drainage and intrave- 
nous glucose, laparotomy was performed. The bowel 
was so thinned out and adhesions so firm that the 
bowel was opened in 3 places. There was gross con- 
tamination. The obstruction was relieved and an 
ileostomy was performed. Sixty grains of sulfanila- 
mide were placed in the peritoneal cavity before clos- 
ure. Peritoneal culture showed Bacillus coli, strep- 
tococcus, Gram positive diplococci, Gram positive 
bacilli. Blood sulfanilamide taken the following day 
showed 5.7 milligrams per 100 cubic centimeters. She 
was subsequently given sulfanilamide subcutaneously 
in addition. 

There was little temperature rise and convales- 
cence has been remarkably smooth, except for the 
ileostomy opening which has not yet closed. 

CASE 3. Dr. M. M., aged 26 years, male, was ad- 
mitted to the hospital May 20, 1940; operation was 
performed May 20, 1940; and he is at present conva- 
lescing. 


Patient had an appendiceal abscess drained 3 
months previously and a persistent fistula remained. 
Several hours before admission patient had abdomi- 
nal pain with emesis, rise in temperature to 102 de- 
grees, pulse 140. A diagnosis of intestinal obstruc- 
tion was made. The white blood cells numbered 
18,200; polymorphonuclears, 84 per cent; lympho- 
cytes, 15 per cent; and mononuclears, 1 per cent. 
Sedimentation time was 19 minutes. 

At operation the free peritoneal cavity was en- 
tered into, the obstruction was relieved, and a pus 
pocket encountered. Gross contamination was pres- 
ent. The terminal ileum was suggestive of regional 
enteritis. The appendix appeared to be involved in 
an acute process and was removed. The fistulous 
tract was cut across. Forty-five grains of sulfanila- 
mide was introduced before the wound was closed. 
The abdomen was closed with drainage. 

Culture from the peritoneal cavity showed Bacil- 
lus coli, streptococci, and Gram positive diplococci. 

Convalescence was uneventful and on the third 
day after operation, the temperature reached nor- 
mal. Forty-eight hours after operation the blood 
sulfanilamide determination showed a trace present. 

CasE 4. W. A., aged 43 years, was admitted to 
the hospital, March 13, 1940; operation was performed 
March 13, 1940; and patient was discharged March 
26, 1940. Diagnosis: acute gangrenous appendicitis. 
Patient gave a history of 36 hours of generalized 
abdominal pain localizing in the right lower quad- 
rant, for which castor oil, epsom salts, and ex-lax 
were taken. Vomiting occurred twice. 

Physical examination revealed generalized ab- 
dominal tenderness, rebound tenderness and rigid- 
ity; moderate distention: peristalsis, absent. The 
temperature was 100.8 degrees; pulse, 100; respira- 
tions, 20. Urine was negative on analysis. The 
white blood cells numbered 16,300; polymorphonu- 
clears, 94 per cent; lymphocytes, 6 per cent. 

At operation the peritoneal cavity was found to be 
filled with milky fluid, which had some odor. No 
gross perforation was noted, but the appendix was 
gangrenous and was covered with exudate. The 
bowels were diffusely reddened. Culture was taken. 

The appendix was removed and 15 grains of pow- 
dered sulfanilamide was inserted into the peritoneal 
cavity at the site of appendectomy. One Penrose 
drain was utilized. The peritoneal swab was allowed 
to dry and was not planted until the next day. The 
final report was no growth. Blood sulfanilamide was, 
24 hours after, 1 milligram per 100 cubic centime- 
ters; 48 hours after, faint trace. 

The patient had an uneventful convalescence and 
was discharged on the thirteenth day. 

We feel that this patient had peritoneal contami- 
nation but the swab was permitted to dry before 
planting and thus the laboratory proof is lacking. 


Thanks are extended to Dr. H. Frankenstein for the use 
of his cases, to Dr. K. Yardumian, pathologist, for his inti- 
mate advice and co-operation, and to Miss Rhea Klein for 
her bacteriological studies. 
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Since submitting this paper we have had 6 cases of 
generalized peritonitis secondary to perforated appendices 
in which intraperitoneal sulfanilamide was used. All of 
these cases have recovered. 
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THE TREATMENT OF ACUTE APPENDICITIS IN A 
MUNICIPAL HOSPITAL 


JOHN BURKE, M.D., and HORACE F. KUHN, M.D., Buffalo, New York 


S a rule, the patient undergoing 
treatment in the average municipal 
hospital is in a more advanced stage 
of disease at the time of his hospital 

admission, and, as he is from the so called 
“under-privileged”’ group, is usually in less 
satisfactory physical condition at the onset of 
his disease. For these reasons, we felt it 
worth-while to report the results of the treat- 
ment of acute appendicitis in the period 
1935-1940 at the Edward J. Meyer Memorial 
Hospital. This hospital is operated by the 
City of Buffalo, and is a general hospital of 
1,063 beds. The patients, in the vast majority, 
receive some form of city or county aid. 
Patients paying their own hospital bills con- 
stitute not more than 5 per cent of the pa- 
tient total. Therapy was carried out by the 
attending or by the resident staff under the 
direct supervision of the attending staff, so 
that the study represents the work of a fairly 
large group of surgeons. The basic therapy 
and operative technique, however, did not 
vary significantly during the period of this 
study. Radical therapy was carried out except 
in a few instances in which the condition of 
the patient did not permit it. Frank appen- 
diceal abscesses were also treated conserva- 
tively until an optimum time for operation 
was reached. During this period 527 patients 


From the Surgical Service of the Edward J. Meyer Memorial 
Hospital, and the Department of Surgery, University of Buffalo 
School of Medicine. 


with acute appendicitis have been treated. 
In this study, no case was accepted as one 
of acute appendicitis without confirmation 
by the pathologist, except those cases of ap- 
pendiceal abscess in which the appendix was 
not removed. 


ACUTE NONPERFORATED APPENDICITIS 


Three hundred and forty cases of acute 
nonperforated appendicitis were treated 
during this period, with 2 deaths, or a mor- 
tality rate of 0.58 per cent. Both of these 
deaths occurred during the first year of this 
study. One of these patients suffered a pul- 
monary embolism on his seventh postopera- 
tive day, his second day out of bed. The other, 
a child, was suffering from measles at the 
time of the appendicitis attack, and died on 
the fourth postoperative day with a clinical 
diagnosis of generalized peritonitis. 

In this group surgery was carried out im- 
mediately following admission and diagnosis, 
except in a few instances wherein replenish- 
ment of fluid loss was considered advisable. 
The operation was performed in all cases 
within 12 hours of hospital admission. With 
rare exceptions the McBurney incision was 
used with or without the Weir extension. Gas 
and ether anesthesia was used in 318 cases, 
spinal anesthesia in 18, and local anesthesia in 
4 cases. Both deaths occurred in the first group. 
Morphine was given after operation as needed. 
Fluid requirements were met by oral ad- 
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ministration in nearly all cases, although 
intravenous fluids were used whenever neces- 
sary. Almost all patients were out of bed 
within 5 days. Itisour custom to allow patients 
out of bed whenever they feel fit, and many 
were up on the first or second day after 
operation. 


APPENDICITIS WITH PERFORATION 


This group occupies a surprisingly large 
place in our statistics, there being 187 proved 
cases, in a total of 527 cases of acute ap- 
pendicitis. In other words, in 35.4 per cent of 
our cases the appendix was perforated at the 
time of operation, and, in all probability, at 
the time of admission. This is offered in 
further support of our introductory state- 
ment. The reason for this unusually high local 
incidence of perforation is not entirely clear, 
but careful history-taking usually brings out 
the twin factors of procrastination and purga- 
tion. Both of these are almost always the 
fault of the patient or the patient’s family, in 
this study, at least. Apropos of the current 
propaganda concerning the need for increased 
medical care for the indigent and under- 
privileged, it is of interest that this hospital 
has for years provided an extensive free home- 
call service, so that none of these patients had 
any difficulty in obtaining medical care when 
they desired it. 

For convenience this group has been sub- 
divided as follows: Perforation with localized 
peritonitis, perforation with generalized peri- 
tonitis, and perforation with abscess. This 
classification was made by the operator at the 
time of operation. Concededly it is difficult 
with a small incision to determine with 
absolute accuracy whether one is dealing with 
a localized or generalized process. In case of 
doubt we have labelled cases as localized 
peritonitis, but our comparative mortality 
rates would indicate that we have frequently 
been guilty of hair-splitting in arriving at 
the decision. ; 

The treatment of the generalized and localized 
group was much the same. The McBurney 
incision was used almost exclusively. Inhala- 
tion anesthesia was generally used, although 
spinal anesthesia was occasionally used, par- 
ticularly in ‘‘bad-risk” cases. After operation, 
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duodenal decompression and parenteral fluids 
were used routinely in the last 4 years of the 
study, and were frequently used during the 
first year. Transfusion has become routine in 
the generalized group and has been frequently 
used in the others. In this connection, we feel 
that duodenal decompression has contributed 
more than any other therapeutic agency in 
the successful treatment of peritonitis. Sul- 
fanilamide has been used during the past 
year, and although our statistics are too 
meager for valid conclusions, we feel that it 
has been genuinely useful. It must also be 
said that the constant attention of a con- 
scientious house staff has, more than anything 
else, been responsible for the results which we 
have obtained. In no other field of surgery is 
postoperative care more vital to success. 

Perforation with generalized peritonitis oc- 
curred in a total of 83 cases. There were 13 
deaths, a mortality of 15.6 per cent. Seventy 
patients recovered. 

The causes of death were (1) generalized 
peritonitis in 11 cases, 4 of which were given 
postmortem examination; (2) staphylococcus 
septicemia—3 positive blood cultures. This 
patient developed septic thrombophlebitis of 
all extremities. No autopsy was permitted; 
(3) pulmonary embolism—death occurred on 
eighteenth day after operation. No autopsy. 

In view of the controversy over intra- 
peritoneal drainage the following figures are 
of interest. One member of the attending 
staff believes in routine drainage, one believes 
in routine nondrainage, and the 2 others are 
inclined to favor drainage. The cases were 
comparable as far as we could determine. 
Thirty-six were drained, with 7 deaths—a 
mortality of 19 per cent. Thirty-six were not 
drained. Of these, 6 died, a mortality of 17 per 
cent. In 2 the records did not state whether 
drainage was used but neither patient died. 

Drainage was carried out exclusively by oil 
silk strips, as previous experiences with semi- 
rigid rubber tubes had been quite unsatis- 
factory. According to the indication, drains 
were placed to the pelvis, the right lumbar 
gutter, or both. 

Obviously these figures are inconclusive, but 
it is evident that drainage may be omitted 
without detriment. 
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Perforation with localized peritonitis oc- 
curred in 44 cases. Of these 39 recovered and 
5 died, a mortality of 11.3 per cent. The 
causes of death were: (1) generalized peri- 
tonitis in 4 cases—autopsy; (2) localized 
peritonitis with massive intra-abdominal 
hemorrhage, 1 case—confirmed at autopsy. 
Drainage was used in 24 cases, with 3 deaths, 
a mortality of 12.5 per cent. No drainage was 
used in 16 cases; 1 death occurred or a 6.3 
per cent mortality. 

In these cases it is more difficult to assay 
the réle of drainage as it was usually employed 
in the presence of small collections of pus or 
necrotic material. 

In résumé as to perforation with peritonitis, 
there was a total of 127 cases with 18 deaths 
or a 14.1 per cent mortality. 


PERFORATION WITH ABSCESS FORMATION 


Our treatment of perforation with abscess 
formation (the presence of a mass at the time 
of admission) has been definitely conserva- 
tive. Patients were not operated upon until 
their general condition was satisfactory, and 
it was evident that the abscess wall was suffi- 
ciently firm to permit its incision without risk 
of further peritoneal contamination. Limita- 
tion of fluids by mouth and parenteral fluid 
administration, together with adequate doses 
of morphine, were employed according to the 
condition of the patient. Here again, blood 
transfusions have been used with increasing 
frequency. Drainage has been carried out as 
an extraperitoneal procedure, either through 
the abdominal wall, rectum, or vagina, as the 
occasion has indicated. The detailed treat- 
ment of the appendiceal and postappendiceal 
abscess will be discussed in a later paper. 
The appendix is removed at the time of drain- 
age only when it is easily accessible, and when 
its removal can be carried out without fear of 
breaking down the abscess wall. All patients 
whose appendices had not been removed were 
informed of this, and requested to return in 
8 to 12 weeks for appendectomy. 

Abscess was present in 57 cases. Of these 
7 died, a mortality of 12 per cent. 

The causes of death were: (1) Generalized 
peritonitis—2 cases (no autopsies—appen- 
dectomy performed in both instances); (2) 


postoperative shock—z2 cases (1 boy, aged 
4, did not recover from the anesthesia and 
died 4 hours after operation. The other patient 
died within the first 24 hours); (3) wound 
disruption with secondary hemorrhage, 7th 
postoperative day (no autopsy); (4) acute 
cardiac dilatation induced by insulin shock, 
sixteenth postoperative day (no autopsy); 
(5) pulmonary embolism, eleventh day (no 
autopsy). 

As our mortality rate for the treatment of 
abscess is somewhat higher than the average 
of the reported series, we are inclined to think 
that errors in judgment or technique are the 
responsible factors. Omission of appendectomy 
might have eliminated the 2 deaths from 
generalized peritonitis. The 2 ‘“‘shock”’ cases 
may be blamed on poor judgment or technique. 
If these 4 fatalities had been prevented, 
the mortality rate would have been quite 
respectable. 


NON-OPERATIVE THERAPY 


Nine patients with acute appendicitis, pre- 
sumably with peritonitis, were treated with- 
out operation because they were in extremis 
at the time of admission, and at no time were 
possible operative risks. All of these patients 
died, but because only 3 had postmortem ex- 
aminations these 3 alone were considered as 
proved cases of appendicitis. 


SUMMARY 


In a 5 year period, 1935-1940, 527 patients 
with acute appendicitis were treated at the 
Edward J. Meyer Memorial Hospital. These 
cases have been subdivided as acute non- 
perforated, acute perforated with generalized 
or localized peritonitis, acute perforated with 
abscess. The results compared with those 
found in the recent literature are shown 
briefly in Table I. 


TABLE I 
Cases Mortality 
Per cent 
Literature (gross total)............ 22.184 4.66 
Edw. J. Meyer Memorial Hospital. . 527 5-13 
Perforation with peritonitis 
2009 26.12 
Edw. J. Meyer Memorial Hospital 127 14.17 
Perforation with abscess 
2093 10.22 
Edw. J. Meyer Memorial Hospital 57 12.2 
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In the cases compiled from the literature 
(1) a total of 4,344 were perforated, or 20.96 
per cent of the acute cases. In our series 187 
cases were perforated, or 35.4 per cent of the 
total. This would seem to indicate that ap- 
pendicitis is seen in graver form in the 
municipal hospital. The usual causes of pro- 
crastination and purgation are, as usual, 
responsible. 
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THE ETIOLOGY AND PATHOLOGY OF DUPUYTREN’S 
CONTRACTURE 


HENRY W. MEYERDING, M.D., F.ACS., JOHN R. BLACK, M.D., and 
ALBERT C. BRODERS, M.D., Rochester, Minnesota 


HE etiology of Dupuytren’s contrac- 

ture has not been established defin- 

itely. In previous publications, one 

of us (Meyerding 15—18) has reported 
his clinical, surgical, and postoperative obser- 
vations. Available tissue removed at operation 
has been examined microscopically in order to 
determine the pathological changes. We rec- 
ognized, as other pathologists have, that the 
thickened and contracted palmar fascia caused 
the deformity. The fascia in these cases is 
characterized by definite proliferation of its 
fibrous components. A search was made for 
the factors involved in the production of this 
proliferation and in adjacent palmar tissues, 
areas of increased vascularity and lympho- 
cytic infiltration were discovered. Although 
there is evidence that heredity and trauma 
may play a réle, we believe that the inflamma- 
tory reaction noted is of prime importance in 
the etiology of Dupuytren’s contracture. 

In 1831, Dupuytren gave his first descrip- 
tion of what he termed “retraction permanente 
des doigts’’ (permanent contracture of the fin- 
gers), a condition which has subsequently 
been named after him. Although Dupuytren 
was not the first to recognize that the palmar 
fascia was chiefly responsible for the flexion 
deformities of the fingers, he described the 
gross pathological changes so clearly and so 
well that posterity has seen fit to do him honor 
by giving his name to this clinical entity. He 
observed from his dissections that the skin of 
the palm had small, hard knots and wrinkles 
which disappeared when the skin was dis- 
sected from the palmar fascia. The palmar 
fascia itself was hard and thick, diminished in 
length, and was under tension. The prolonga- 
tions from the fascia distally ran to the sides of 
the proximal phalanges of the fingers. The 
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contracture of these prolongations of the pal- 
mar fascia produced flexion of the fingers. Ex- 
amination of tendons and joints revealed them 
to be entirely normal. 

The descriptions of the microscopic pathol- 
ogy given by the early authors were meager. 
In 1877, P. Richer dissected the left hand in a 
case of bilateral Dupuytren’s contracture. He 
stated that the skin was firmly adherent to the 
underlying fascia, but was scarcely changed 
microscopically. The superficial fascia was 
thickened, hard, and shortened owing to an 
increase in the number and size of the elastic 
and collagen fibers. He concluded that the 
palmar fascia was the only structure altered. 
No signs of inflammation were noted, but he 
classified the changes as the same as those in 
chronic articular rheumatism. In 1882, F. 
Chevrot made a study of the histological 
changesin Dupuytren’s contracture. He noted 
the thickened palmar fascia and the absence 
of the normal adipose tissue separating the 
fascia from the skin. In addition, however, he 
described a thickening of the epidermis, which 
he attributed to the protection of the surface 
epithelium from friction as a result of the con- 
tracture. He noted a thickening of the lining 
of the sweat glands. 

Langhans, in 1887, apparently made a thor- 
ough pathological study of Dupuytren’s con- 
tracture for many of his contemporaries and 
later writers have quoted from his work (3, 4, 
9, 10, 13). He is credited with the following 
observations on the pathogenesis of Dupuy- 
tren’s contracture: It is an inflammatory and 
proliferative process which begins in the inter- 
stitial connective tissue and in the adventitia 
of the blood vessels. This process involves the 
palmar fascia and leads to an increase in the 
number and thickness of the bands of connec- 
tive tissue. In the fascia the number of nuclei 
is increased but they also occur in scattered 
groups throughout the fat and interstitial con- 
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nective tissue. These nuclei are shorter and 
broader than normal and arise in the adven- 
titia. True inflammatory phenomena, such as 
emigrations of leucocytes are entirely absent. 

Nichols (19), in March, 1899, reported a 
case in which he observed thickening of the 
skin, absence of fatty tissue and adherence of 
the dense, fibrous bands to the skin. Else- 
where the epidermis, dermis, and subcutane- 
ous tissue were normal. He noted an increased 
proliferation of connective tissue cells in and 
about the blood vessels; some fasciculi of the 
fascial bands were composed mainly of cells. 
The sweat glands were numerous and un- 
changed. In October, 1899, the same author 
(20) in another paper reviewed the literature 
and presented the results of microscopic study 
in 2 other cases. In the first of these, the pal- 
mar fascia was thickened and the process in- 
volved the skin. He noted particularly the 
absence of sweat glands in the involved skin 
and increased thickness of the stratum cor- 
neum. The palmar fascia was made up of 
dense fasciculi of white fibrous tissue. To- 
ward the wrist this band was acellular and 
avascular but in other places there was marked 
proliferation of connective tissue cells and cap- 
illaries. In the second case the palmar fascia 
was merely one dense fibrous band which con- 
tained numerous nuclei, but few blood vessels. 
This writer described the lesion as essentially 
a hypertrophy of connective tissue. He 
stated that during an early or developing pe- 
riod the cellular or vascular elements occur in 
great abundance but at a later stage when the 
lesion is fully developed and stationary, the 
cells and vessels diminish leaving the abnor- 
mal tissue, a dense mass of connective tissue 
which is similar to the pre-existing normal 
palmar fascia. 

In 1897, Anderson considered the condition 
to be inflammatory hyperplasia or neoplastic 
growth which began in the skin and subcuta- 
neous tissues of the palm and by a process of 
nuclear proliferation spread along the course 
of the blood vessels, replacing the adipose tis- 
sue and, secondarily, involving the palmar fas- 
cia. Ledderhose (13), in 1897, described a sim- 
ilar pathological condition in the plantar fas- 
cla, which he termed “plantar fasciitis.”” In 
another article on palmar fasciitis in 1920, the 


same author (14) ascribed Dupuytren’s con- 
tracture to a chronic proliferative process 
without inflammation. 

In 1902, Janssen studied the microscopic 
anatomy of the hand in 7 cases and gave a 
comprehensive description of his observations. 
He noted the early thickening of the palmar 
fascia, then the formation of small knots, and 
finally, the contracture of the fascia and ad- 
herence of the skin to the fascia. On micro- 
scopic examination he described the process as 
a proliferation of fibrous tissue from multiple 
foci which extended down to, and involved, 
the tendon sheaths. He described the close 
resemblance microscopically between the cel- 
lular fibrous tissue and fibrosarcoma; he even 
noted the occasional presence of mitotic fig- 
ures. He concluded, however, that Dupuy- 
tren’s contracture is not a neoplastic process 
nor an inflammatory process as there are no 
signs of inflammation and the lesion is purely 
a hypertrophic process. 

In 1918, Coenen made a complete and de- 
tailed review of the literature and concluded 
that Dupuytren’s contracture is chronic in- 
flammation of the superficial palmar aponeu- 
rosis with vascularization and proliferation of 
new cells. He did not report any studies or 
observations on cases of his own. 

In 1920 and 1921, Krogius (11, 12), from 
observations on his own patients, made a dis- 
tinction between new and old cases. In the 
new cases, newly formed connective tissue ap- 
peared; in the old cases, the bands were hard, 
strong, and hyalinized. He ascribed the con- 
tracture to the proliferation of embryonic 
rests of primitive muscles of the palm—the 
flexores breves manus superficiales. 

In 1928, Iklé reviewed the literature and re- 
ported his observations in 10 cases. He noted 
the changes described by previous authors. 
He concluded that the condition is a thicken- 
ing of the palmar aponeurosis as the result of 
the new formation of connective tissue. The 
cellular part of the newly formed connective 
tissue often resembles fibrosarcoma. Some in- 
vestigators, he stated, have noted lympho- 
cytic infiltration, but in his cases this was ob- 
served only rarely. He did not believe, there- 
fore, that the condition was inflammatory. 
He stated that although some portions do re- 
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semble a neoplasm, the anatomical findings 
are against it. It is not fibroma because the 
process is multifocal and diffuse; nor is it sar- 
coma because local infiltration and metastases 
do not occur and only a few mitotic figures are 
present. He proposed to call it a chronic hy- 
perplastic process resulting in fibrosis of the 
palmar fascia. 

More recently, other authors (4, 8, 21) have 
reviewed the literature, but few have investi- 
gated the microscopic pathology and little has 
been added to the observations of the earlier 
writers. 

There has been great unanimity of opin- 
ion regarding the nature of the pathological 
changes in the palmar fascia. It becomes hard 
and thickened and presents varying degrees of 
cellular proliferation. The descriptions of 
changes in the other tissues of the palm are 
far from consistent. Some investigators have 
noted involvement of the skin and subcutane- 
ous tissue; others have not. Many have noted 
the formation of new connective tissue and 
blood vessels, but most authors have denied 
the presence of leucocytes in the affected tis- 
sues. 

The etiology of Dupuytren’s contracture 
has long been a problem to the medical world. 
We do not wish to discuss it in detail, but wish 
merely to point out the relationship of the his- 
tological changes to the etiology. Dupuytren 
himself expressed the belief that local trauma 
played a large part in the production of con- 
tracture of the palmar fascia because, in his 
experience, it was more common in manual 
laborers. Contemporary writers associated 
contracture of the palmar fascia with gout, 
but at the same time, they confused gout with 
various forms of arthritis (chronic infectious 
arthritis, senescent arthritis, and so forth). 
Many investigators have noted the association 
of contractures of the fingers with contractures 
of the palmar fascia following lesions of the 
central nervous system, such as tabes dorsalis, 
multiple sclerosis, syringomyelia, and injuries 
to the spinal cord and also of the peripheral 
nerves after fractures and other trauma. He- 
redity has long been known to be an outstand- 
ing predisposing factor. Chronic infection has 
long been a subject of much debate. The chief 
opposition has been based on the lack of evi- 


dence of inflammation in the affected tissue a- 
evidenced by leucocytic infiltration. 


HISTOLOGY OF THE NORMAL SKIN OF THE 
PALM AND FASCIA 


Before considering the pathological changes 
which occur in the palm in Dupuytren’s con- 
tracture, we shall review briefly the normal 
histology in order better to compare the path- 
ological changes (Fig. 1). The normal skin of 
the palm has a similar structure to skin o/ 
other parts of the body. It differs in certain 
respects in that it contains no hair follicles or 
sebaceous glands and deep in the subcutane- 
ous tissue there is a dense layer of fascia, the 
palmar fascia. 

The skin consists of three main layers: the 
epidermis, the dermis, and the subcutaneous 
tissue. The epidermis is made up of stratified 
epithelium in various stages of its growth as 
the cells grow from the basal layer outward 
through the prickle-cell stage, then become 
keratinized, and finally are shed as dead scaly 
epithelium. 

The dermis, or corium, is that portion of the 
skin which lies immediately beneath the epi- 
dermis and carries the nerves and blood ves- 
sels which supply the skin. The dermis is 
made up of two strata, a deeper reticular layer 
and a superficial papillary layer. The surface 
of the papillary layer presents numerous coni- 
cal elevations, the papillae of the corium which 
project into the under surface of the epider- 
mis. These papillae are abundant in the palm. 
They consist of a fine supporting network of 
connective tissue for the finer branches of the 
cutaneous blood vessels and nerves. A few 
wandering cells and lymphocytes may be seen 
particularly just beneath the basal layer of the 
epidermis. The deeper portion of the corium 
consists of interlacing bundles of connective 
tissue fibers which form a moderately loose 
network. These bundles are much coarser 
than those of the papillary layer and seem to 
pursue a wavy or spiral course. This loose 
regular arrangement of collagen bundles gives 
to the reticular layer the appearance of having 
been braided or woven. It is this loose elastic 
structure of the derma which allows the skin 
to stretch and bend with every movement of 
the hand. The reticular layer contains the 
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larger blood vessels of the corium and many 
small nerve trunks. The secreting portion of 
many of the sweat glands lies in the deeper 
portion of the reticular layer; most of these 
glands, however, lie in the superficial layers of 
the subcutaneous tissue. 

The subcutaneous tissue consists of a coarse 
network of narrow strands of connective tis- 
sue, which pass between the reticular layer 
and the palmar fascia. The meshes of this net- 
work are occupied by lobules of adipose tissue. 
The palmar fascia consists of a thin layer of 
dense connective tissue. The collagen fibers 
are straight and are packed close together in 
parallel bundles. The fascial bands form a 
sheath of tissue parallel to the surface of the 
skin and are connected to the skin superfi- 
cially and to the deeper structures by thin 
strands of dense, strong connective tissue. The 
nuclei in the connective tissue of the fascia are 
few, very small and elongated as they lie be- 
tween the collagen fibers. 

Connecting and filling the spaces between 
the various layers of the skin, subcutaneous 
tissue and fascia is a very loose network of 
connective tissue made up of loose bundles of 
wavy collagen fibers. It forms the supporting 
tissue for the blood vessels and nerves as they 
lie deep to the palmar fascia. The few nuclei 
of the connective tissue in this interstitial tis- 
sue are smail and stellate. Only an occasional 
wandering cell is seen in the normal connective 
tissue. 


MATERIAL STUDIED 


In 1936, one of us (Meyerding, 16) reported 
observations made on 448 hands of 273 pa- 
tients with Dupuytren’s contracture. Eighty- 
four, 31 per cent, of the patients were sub- 
jected to operation. The material studied in 
the present investigation consisted of the avail- 
able specimens removed at operation in this 
series of cases as well as others obtained since 
1935. Specimens from 57 cases were studied; 
the cases were encountered in the period from 
January, 1913, to July, 1938 inclusive. These 
specimens, in the main, consisted of the con- 
tracted palmar fascia, in many cases, the en- 
tire fascia; in others, just the contracted bands. 
In some cases, the overlying skin was removed 
still attached to the fascia; in many specimens 


cluding the palmar fascia. X11. 

Fig. 2. Skin in Dupuytren’s contracture showing thick- 
ening of the epidermis with hyperplasia of all the zones. 
X21. The normal structure of the corium is completely 
changed, the papillary layer is distorted and there is a 
marked perivascular lymphocytic infiltration in all layers; 
this is most marked in the papillary zone. The regular pat- 
tern of the reticular layer is completely disrupted. The 
subcutaneous tissue has disappeared and the palmar fascia 
is adherent to the deeper layers of the skin. Sweat glands 
are entirely absent. 


in which all the layers of the skin were lacking, 
the deeper layers of the skin were present and 
in these the sweat glands and other structures 
could be studied. Many of the studies made 
in the past were incomplete because the speci- 
mens available were only small fragments of 
contracted fascia. Some authors, it is true, 
studied the entire hand at necropsy, but the 
number of such cases is small. On the whole, 
the specimens studied in our series probably 
represent more complete samples of the pal- 
mar fascia and neighboring tissues than those 
studied by early pathologists. This fact may 
account for the failure of these men to observe 
some of the tissue changes which will be de- 
scribed by us in the following paragraphs. 
The tissues were fixed in ro per cent forma- 
lin, sectioned with the freezing microtome, and 
stained with hematoxylin and eosin. Sections 
were taken from various places on the tissue 
removed from each patient, in order to select 
the most characteristic. That is, cross sections 
and longitudinal sections were made through 
the fascia and skin including any of the nod- 
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Fig. 1, left. Normal skin showing the various layers in- 
ing 
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Fig. 3. Thickened palmar fascia and adherent tissue. 
5. The fascia shows proliferation grade 2 of new connec- 
tive tissue cells. Surrounding tissue shows marked fibrosis, 
new capillaries and perivascular lymphocytic infiltration 
which is replacing the fatty tissue. Note areas marked X 
and Y which are shown in detail in Figures 4 and s. 


ules that were present. It was often impos- 
sible to distinguish in the gross specimen the 
digital from the carpal fascia. 


PATHOLOGICAL FEATURES 


The descriptions of the pathological changes 
in Dupuytren’s contracture, even from the 
earliest times, have emphasized the fibrosis 
and contracture of the palmar fascia. The 
changes which were observed in the skin and 
subcutaneous tissue were regarded as second- 
ary to the contracture of the fascia. Certainly 
the gross deformity and chief manifestations 
of the disease are due to contracture of palmar 
fibrous tissue of which the palmar fascia is the 
chief constituent. 

It is difficult to determine in which tissue or 
tissues the primary effect takes place, because 
it is only rarely that tissue is obtained in a 
very early stage of the disease. Recently, 
after the present review had been completed, 
a patient was seen with bilateral plantar fas- 
ciitis, the analogue of Dupuytren’s contrac- 
ture in the foot. In this case, the plantar fas- 
cia presented all the appearances of normal 
fascia, microscopically. The collagen fibers 
were closely packed in parallel bundles and 
were hyalinized. The cells in the connective 
tissue of the fascia were mature, small, flat- 
tened, and squeezed in between the fibers of 
the fascia. However, in the loose connective 
and adipose tissue between and around the 
fascial bundles were numerous new capillaries; 
each of which was surrounded by a large num- 


Fig. 4. Chronic inflammatory tissue replacement of fat. 
87.5. This photomicrograph represents the area marked 
X in Figure 3. 

Fig. 5. Partial destruction of sweat glands and invasion 
by lymphocytes, 87.5; tissue from area marked Y in 
Figure 3. 


ber of lymphocytes. A specimen of skin was 
not obtained, but clinically it was unchanged. 
In early cases of Dupuytren’s contracture, 
however, the palmar fascia is tightened but 
even before any contracture takes place the 
skin becomes thickened and puckered. It is 
bound down to the underlying tissue and is no 
longer freely movable. In most instances, we 
observed that our sections revealed involve- 
ment of both the adipose tissue and the pal- 
mar fascia. In all cases in which the overlying 
skin was available for study, definite patho- 
logical changes were noted in it. It is prob- 
able, therefore, that the disease begins in 
the interstitial connective tissue and usually 
spreads to involve all the tissues of the palm 
down to the deep structures, tendon sheaths, 
nerves, and blood vessels. 

It is a peculiar fact that the disease process 
should affect the ulnar aspect of the palm 
more than any other portion. Although the 
skin, subcutaneous tissue, and palmar fascia 
are affected, yet in any one case only portions 
of the skin or other tissues are involved. Cer- 
tainly the skin over the thenar eminence and 
proximal portion of the palm usually is not 
affected and this also applies to the subcuta- 
neous tissue and palmar fascia. 

In 10 cases, portions of skin in the region 
overlying the contracture were available for 
study. In others, although the outer layers 
were absent, frequently the deeper layers of 
the corium were adherent to the contracted 
tissue. The layers chiefly affected were the 
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reticular and papillary zones of the corium 
and in all the available cases an increase in the 
number and density of the connective tissue 
fibers was noted (Fig. 2). The reticular zone 
loses its regular arrangement and _ loosely 
woven structure. The fibers, normally run- 
ning parallel to the surface, become dense 
masses of connective tissue running in every 
direction. This accounts for the clinical loss 
of elasticity of the skin. The papillae of the 
skin are also changed and become irregular. 
There is hypertrophy of the epidermis with 
marked proliferation of all the layers. Nu- 
merous new capillaries are seen in the corium 
surrounded by small groups of lymphocytes. 
The number of lymphocytes increases in the 
papillary layer of the corium just beneath the 
basal layer of the epidermis. 

In normal skin the line of demarcation be- 
tween the dermis and subcutaneous tissue is 
clearly defined. In this region are found the 
secreting portions of the sweat glands. In ad- 
vanced cases of Dupuytren’s contracture evi- 
dence of subcutaneous adipose tissue is not 
revealed (Fig. 2) and sweat glands are rare or 
completely absent. Dense parallel strands of 
fascia lie just beneath and closely adherent to 
the reticular layer of the dermis. In less ad- 
vanced cases (Figs. 3 and 4) the sweat glands 
are surrounded by fibrous tissue and numerous 
lymphocytes; the latter are also seen between 
the acinar lobules of the gland itself (Fig. 5). 

The deeper layers of the subcutaneous tis- 
sue show an increase in the size and number 
of the connective tissue bands which normally 
separate the lobules of fat. There is an in- 
crease in the number of capillaries in the in- 
terstitial connective tissue and the capillaries 
are surrounded by lymphocytes. The more 
advanced the disease the greater is the degree 
of fibrosis. Infiltration seems to precede the 
fibrosis (Figs. 3, 4, and 5) since the new capil- 
laries and lymphocytes are more numerous 
about the still unchanged fat cells. The fat 
appears to be absorbed or destroyed by this 
process; then new connective tissue forms and 
obliterates the capillaries and the lympho- 
cytes also disappear. The palmar fascia is 
separated from the nerves and vessels to the 
fingers by a layer of adipose tissue. This fatty 
tissue may also be involved and the thickened 


and scarred fascia is closely adherent to the 
deeper structures. For this reason, nerves and 
blood vessels were occasionally found em- 
bedded in the contracted fascia 

In 24 of the 57 cases, there was definite 
lymphocytic infiltration of the skin or subcu- 
taneous tissue; only occasionally were plasma 
cells or polymorphonuclear leucocytes noted. 
The lymphocyctes were commonly found 
around the sweat glands, blood vessels, and 
fat cells. The other components of this proc- 
ess, new connective tissue and capillaries were 
noted in various degrees in most cases and on 
this basis each case was graded according to 
the activity of this process. 

The palmar fascia gives a picture entirely 
different from that described in the other tis- 
sues, but the changes in this structure are the 
ones that have been commonly described as 
characteristic of Dupuytren’s contracture. 
Proliferation of new capillaries and perivascu- 
lar infiltration of lymphocytes are almost en- 
tirely lacking in the palmar fascia itself. Only 
occasionally are new capillaries seen and in no 
instance were lymphocytes seen in the fascia. 
The characteristic change is the proliferation 
of fibroblasts in the nodules of the contracture. 
These fibroblasts are round, oval, or spindle- 
shaped with pale staining nuclei and tend to 
grow in masses with their long axis, parallel 
to one another. In very cellular areas (Figs. 6, 
7, 8, 9, and 10) where the nuclei are closely 
packed, many mitotic figures may be seen. In 
this tissue all stages can be demonstrated from 
those just described to that in which the col- 
lagen fibers lie packed together so tightly that 
the thin, flattened nuclei can scarcely be dis- 
tinguished (Fig. 11); the fibers in such por- 
tions of the fascia are frequently hyalinized. 
The marked cellular proliferation is usually 
seen in the thickened areas of the fascia which 
correspond to the base of the fingers in the 
palm. As new fibrous tissue is deposited and 
contracts, the fibrous connective tissue cells 
become mature and flattened, forming streaks 
through the fascia as shown in Figure 9. 

We have assumed that the cellular nature of 
the fascia described indicates the activity of 
the proliferative process and, therefore, the 
degree of maturity of the connective tissue 
was graded on a basis of 1 to 4. The least ma- 
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Fig. 6. Nodule from Dupuytren’s contracture. X18.5. 
Maturity of connective tissue of palmar fascia is grade 2; 
there is marked cellularity but the cells are smaller and 
there are more intercellular fibers than in grade 1. Note 
partially destroyed fat lobules. Area marked X is shown 
under high-power magnification in Figure 7; from ¢ in 
Figure 8. 


ture process in which the tissue was very cellu- 
lar was graded 1 (Fig. 12); the most mature, in 
which the nuclei were very small and very few 
in number when compared to the collagen 
fibers, was graded 4 (Fig. 11). Intermediate 


Fig. 8. 

Fig. 7. Fascia from area marked X in Figure 6. X105. 
Note the lack of blood vessels; numerous fibroblasts with 
oval and spindle-shaped nuclei. 

Fig. 8. Fat lobule showing blood vessels and large num- 
ber of lymphocytes replacing fat cells, 123; high-power 
magnification of tissue marked Y in Figure 6. 


degrees were graded 2 (Figs. 6 and 7) and 3 
(Fig. 13). 

A specimen of palmar fascia was remove | 
surgically from 63 hands belonging to 57 pia- 
tients. Sixty-one specimens were studied; thc 
maturity of connective tissue was graded and 
the degree of the inflammatory reaction was 
estimated. In all cases the degree of inflam- 
matory reaction was mild. The maturity of 
connective tissue was grade 1 in g cases, grace 
2 in 19 cases, grade 3 in 15 cases and grade 4 in 
18 cases. The cases studied in this group, 
therefore, tended to have a mature degree of 
connective tissue. When the relationship of 
the duration of the contracture to the degree 
of maturity of the connective tissue was con- 
sidered, in the cases of longer duration the de- 
gree of maturity tended to be greater but 
there was a wide variation in individual cases. 
Little relationship was noted between the age 
of the patient and the grade of maturity of the 
fascia. The degree of contracture seems to 
depend more on the duration of the process 
than on the grade of maturity. No definite 
correlation was found between the degree of 
contracture and grade of maturity of fascia. 


Fig. 10. 


Fig. o. 


Fig. 9. Fascia with central nodule of very cellular con- 
nective tissue, X20; there are also streaks of older nuclei 
throughout. Area marked X is shown under higher magni- 
fication in Figure 10. 

Fig. 10. Cellular nature of tissue from X in Figure o. 
Note mitotic figures. 175. 
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Recurrence of contracture occurred in 9 
cases and when the tissue from these cases was 
studied it was found that the average grade of 
maturity for the group was 1 to 2. This repre- 
sents a much less mature type of connective 
tissue than in the series as a whole and indi- 
cates a more active tissue. On the other hand, 
a significant increase in the degree of activity 
of inflammatory changes was not noted. 

Occasionally patients with Dupuytren’s con- 
tracture complain of soreness and tenderness 
of the affected region although the usual com- 
plaints are thickening of the palm, ‘“‘callus”’ 
contracture of a finger or a prickling sensation. 
It was thought that in cases in which soreness 
and tenderness of the palm were present 
greater degrees of inflammatory activity would 
be found than in other cases. Our studies, 
however, did not bear this out. 


COMPARISON OF CLINICAL BEHAVIOR AND 
PATHOLOGICAL PICTURE 


The estimation of the inflammatory reac- 
tion and the activity of the proliferation of 
connective tissue in the fascia, which did not 
necessarily parallel one another, enabled us to 
compare the clinical behavior with the patho- 
logical picture. One particular conception of 
Dupuytren’s contracture interested us par- 
ticularly and that was the relationship of the 
so-called green and mature stages to the prog- 
nosis. Our studies bear out the idea that there 
are various degrees of activity in the process 
and, in the recurrences noted, the fascia tended 
to be immature. The number of cases of re- 
currence studied is too small, however, to state 
conclusively that in cases in which histological 
examination reveals a low grade maturity of 
the fascia recurrence is more likely to occur 
than in those in which higher grades of ma- 
turity are found. In the majority of our cases 
contractures were well established for they 
had been present for several years; micro- 
scopic examination disclosed in most cases a 
mature type of connective tissue. Therefore if 
our theory is correct, it would be natural to 
assume recurrences to be few in this series. 


SUMMARY AND CONCLUSIONS 


In the past, other investigators have focused 
their attention on the palmar fascia to the ex- 


Fig. 12. Fig. 13. 

Fig. 11. Palmar fascia; the maturity of the connective 
tissue is grade 4. 130. Hyalinized fascia. The fibers lie 
closely packed in parallel, bundles; the nuclei can scarcely 
be distinguished. They are few in number, flattened and 
very small. 

Fig. 12. Palmar fascia; maturity of connective tissue is 
grade 1, X67; very cellular fascia with few intercellular col- 
lagen fibers. Figures 6 and 7 in which the maturity of the 
connective tissue is grade 2 should be noted, too. 

Fig. 13. Palmar fascia; maturity of connective tissue is 
grade 3. 130. Nuclei are smaller and flatter than in 
Figures 6, 7, and 12 in which the maturity of the connective 
tissue is graded 2. There is a large amount of intercellular 
collagen. 


clusion of the surrounding tissue and have not 
described the signs of inflammation, prolifera- 
tion of capillaries and fibroblasts with marked 
perivascular lymphocytic infiltration. This 
inflammatory reaction affects chiefly the skin, 
subcutaneous tissue, and interstitial connec- 
tive tissue. The palmar fascia is remarkable 
for the fact that within its fibers there is evi- 
dence of an active proliferation of fibroblasts 
without other signs of inflammation. The 
process progresses through the cycle of fibro- 
blastic proliferation, and then deposition of 
collagen fibers which contract and compress 
the fibroblasts and the final picture of avascu- 
lar scar tissue result. 

This study further demonstrates the fact 
that Dupuytren’s contracture is not merely a 
disease of the palmar fascia, but involves all 
structures from the skin down to the tendon 
sheaths. It is difficult, therefore, to see how 
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subcutaneous tenotomy could give consistently 
good results. On the other hand excision of 
the mass of scar tissue requires a high degree 
of surgical skill as emphasized by one of us in 
a previous paper (17). In cases in which the 
excised tissue gives evidence of active inflam- 
matory reaction or immature fibrous tissue in 
the fascia, we believe the likelihood of recur- 
rence is greater. 

From the point of view of pathological di- 
agnosis, we wish to point out the danger of 
confusing Dupuytren’s contracture, a benign 
process, with fibrosarcoma. Errors in such a 
diagnosis have in the past given rise to tragic 
results. Although certain portions of the tis- 
sue removed for Dupuytren’s contracture, do 
resemble fibrosarcoma on superficial examina- 
tion and may even contain numerous mitotic 
figures, there are many points of difference. 
Dupuytren’s contracture is a diffuse multi- 
focal process; the sarcoma-like areas are lo- 
cated in the palmar fascia at the site of the 
nodules which are so characteristic of the dis- 
ease. Surrounding these nodules is dense 
fibrous tissue. The nuclei are pale-staining 
and regular in shape and size. Local infiltra- 
tion by these young cells and metastasis do 
not occur, all of which points are against a 
malignant lesion. 

We have studied the microscopic sections of 
the palmar fascia in 57 cases of Dupuytren’s 
contracture, and we have formed the opinion 
that the pathological picture is best explained 
on the basis of a chronic inflammatory process. 
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TERATOMA TESTIS 


Survey of Thirty-seven Autopsy Records 


BENJAMIN S. BARRINGER, M.D., F.A.C.S., and DAVID EARL, M.D. 
New York, New York 


ERATOMA testis is unique among 
all malignant tumors of the body in 
that a majority of teratomas have 
an absolute x-radiation sensitivity. 
That is, the primary tumors and their metas- 
tases have often regressed under external 
irradiation, and this regression has been per- 
manent. We have had at the Memorial Hos- 
pital approximately 600 cases of teratoma 
testis. By means of high voltage roentgen 
therapy we have been able to double the 
cures of this highly malignant disease. At 
present our 5 year controls are 30 per cent. 

Obviously there is much room for im- 
provement. 

We have been able to eliminate entirely 
the one major operation with its attendant 
mortality, the Chevassu-Hinman dissection 
of the retroperitoneal tissues with their lymph 
vessels and glands, which lie along the course 
of the spermatic vessels. Such a dissection is 
superfluous if there are no metastases present, 
and if they already exist then the procedure 
is inadequate. Deep roentgen therapy is far 
more efficient. The reasons for this inade- 
quacy lie in the size of the metastases and the 
frequency with which crossed abdominal me- 
tastases occur. 

The paucity of postmortem studies of tera- 
toma testis is difficult of explanation. In 
order better to understand the course of this 
lesion when uncontrolled, this survey of au- 
topsy material was made. The majority of 
cases in this series has had either surgical or 
irradiation treatment. However, therapy as 
applied to these cases is not the consideration 
of this review. The survey has been of vast 
importance in indicating a rational therapy 
for the future. 

Age. The youngest patient was 9 months 
old—the oldest patient was 47 years; with an 

From the Memorial Hospital 
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average age of 31.5 years. Only 36 cases were 
used in calculating the average age because 
one patient was a premature stillborn of 8 
months. 

Trauma. A history of trauma preceded the 
patient’s observation of testicular enlargement 
in 6 cases. But the instances are woefully in- 
adequate as to the exact site of the trauma; 
the appearance of the testicle, ecchymosis, 
swelling, etc., immediately following the 
trauma; and the sequence of events between 
the trauma and the appearance of the tera- 
toma. We are quite sure we have never seen 
a case in which we have believed that there 
was even reasonably proved a connection be- 
tween trauma and the causation of the 
teratoma. 

Various types of teratoma testis. There were 
IO cases, 27.0 per cent, of embryonal carci- 
noma with lymphoid stroma; 9 cases, 24.3 
per cent, of embryonal carcinoma. These 
two classes comprising half of the cases are 
most radiosensitive. 

There were 10 cases, 27.0 per cent, of em- 
bryonal adenocarcinoma, less sensitive to 
irradiation. 

One case, 2.7 per cent, of teratomatous 
adenocystoma (adult teratoma); still less 
radiosensitive. 

Three cases, 8.2 per cent, of chorionepi- 
thelioma; the least radiosensitive of all. 

Four cases, 10.8 per cent, unclassified. 

Site involved and cryptorchidism. The right 
testicle was involved 19 times, 51.45 per cent; 
the left testicle 18 times, 48.55 per cent. Ab- 
dominal cryptorchidism with teratoma oc- 
curred 4 times, 10.8 per cent. Three of these 
abdominal testicles were unilateral with a 
teratoma of the retained testicle. One of these 
was in a stillborn child with no microscopic 
diagnosis. In one case there was bilateral 
cryptorchidism with teratoma on one side. 
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Aschheim-Zondek reaction. This determina- 
tion was made in 21 cases. It was positive in 
18 cases, 85.7 per cent; questionable in 1 case, 
and negative in 2 cases. Because of the vari- 
ous and inadequate methods used in deter- 
mining the Aschheim-Zondek tests in the 
above cases these 85 per cent positive tests 
are probably not at all accurate. Drs. Dean 
and Temple, in a recent unpublished review 
of the Aschheim-Zondek test as applied to 
teratoma testis cases in the Memorial Hos- 
pital, came to the following conclusions: 

1. The test is inadequate as it has been 
done, because at least 5 mice should be used 
per level. 

2. The test cannot be used to determine 
the histological type, because there is no 
close correlation between the hormone level 
and the type. (Some cases show close correla- 
tion but many others show wide discrepan- 
cies.) The adult type when purely adult, 
apparently shows a low level. The chorio- 
carcinomas are consistently high. The great 
majority of the embryonal carcinomas show 
levels below 1500 mouse units per liter. The 
embryonal adenocarcinomas show a complete 
range of levels from very low to very high. 

3. The chief difficulty in attempting to 
study correlation between the histological 
type and the hormone level is that a large 
number of the tumors are mixed and com- 
plex. Therefore, serial sections should be 
used in a study of this type. All types may be 
found in the same tumor, thus complicating 
any attempt at correlation. A new classifica- 
tion is in order; such a new classification is 
obviously difficult to make. 

4. The test is of definite value in predicting 
the prognosis, because in general, those with 
high levels die much sooner than those with 
low levels. Discrepancies are found, and 
therefore only general statements can be 
made. Because of the value in predicting 
prognosis, we believe the test should be made 
routinely. 

5. Our study did not take into complete 
account the relation of prolans A and B. In 
the early years of the test, the erroneous 
assumption that a 1:5 ratio always existed 
between A and B was followed. This was ad- 
vanced by Zondek. It seems in all probability 


that the determination of prolan B is of more 
value than it has previously been suspected, 
and it probably always means a compara- 
tively early fatal outcome. Further work 
must be done on this. 

6. We believe, after an analysis of 203 
cases, that values between o and 500 have the 
same significance. 

Gynecomastia. Gynecomastia was noted in 
2 cases: 1 unilateral with secretion, 1 bilateral 
without secretion. In the unilateral case the 
histological diagnosis was fibrous mastitis. 
Both cases had positive reactions to the 
Aschheim-Zondek test. 

Metastases. Metastases from teratoma tes- 
tis occur through both blood and lymph chan- 
nels. In a very large percentage of our autopsy 
cases the metastases were by means of both 
channels. 

Blood stream metastases. This is through 
the spermatic artery to the renal artery or 
aorta and thence to the heart and lungs. 
Chorionepithelioma may metastasize entirely 
through the blood stream. 

The history of a patient with chorionepi- 
thelioma seen at the Memorial Hospital last 
year demonstrates this: 


B. V., aged 20 years, was admitted to the Memo- 
rial Hospital, on July 20, 1939, with the following 
history. Two months before swelling of the left tes- 
ticle occurred. One month prior to admission a left 
orchidectomy was done. The diagnosis was chorio- 
nepithelioma of the testicle (corroborated in Memo- 
rial Hospital). The roentgenological report follows: 
“Submitted films of the chest reveal three rounded 
hourglass densities, measuring approximately one- 
half inch in diameter in the right lower lung field, 
suggesting a metastatic process. These densities are 
noted in the films dated June 30, 1939, and July 2, 
1939. Submitted films of the dorsal vertebre, lum- 
bar vertebra, pelvis, including greater portion of the 
upper shaft of the femora and skull, reveal no evi- 
dence of bone metastasis. No adenopathy in neck. 
No abdominal masses. Liver not palpable. Asch- 
heim-Zondek test, July 22, 1939. Between 100 and 
150 units prolan A per liter, and August 12, 1930, 
1500 A and 100 B. Chest and liver radiated as fol- 
lows: From six portals of entry—right upper chest 
anterior and posterior, right lower chest anterior 
and posterior, and liver anterior and posterior—250 r 
daily at 50 cm. until he received approximately 2250 
r to each area. Roentgenological examination of 
chest shows ‘only the faintest suggestion of the upper 
of three previously discovered nodules in right 
chest.’” 


a 

I 

the 

at t 

ther 

mat 

poir 

the 

rate 

are | 

fron 

the 

recij 

are 

tern 

fron 

uret 

the 

mos 

blac 

autl 

defe 

gast 

brat 

lect 

cour 

The 

the 

vert 

ther 

two 

dire 

nod 

T 

the: 

the: 

all ; 

is 

sup 

unc 

in 

tior 

E 

eral 

we | 

the 

the 

bili 

are 

1An 


BARRINGER, EARL: 


Lymphatic metastases. Ronviere! describes 
the lymphatics draining the testicle as follows: 


‘All lymph trunks of the testicle eventually arrive 
at the posterior superior border of the organ and 
thence along the blood vessels of the spermatic cord. 

“The lymphatics accompany the internal sper- 
matic artery and vein, and having arrived at the 
point at which these blood vessels cross the ureter, 
the testicular collecting trunks commence to sepa- 
rate from the spermatic blood vessels. They finally 
are drained by the abdomino-aortic nodes which run 
from the level of the renal vein to the bifurcation of 
the aorta. 

“The abdomino-aortic nodes are not the sole direct 
recipients of the lymphatics of the testicle. There 
are other lymph vessels that terminate in an ex- 
ternal iliac node placed on the external iliac vein in 
front of the point where the latter is crossed by the 
ureter. (The above applies to the testicle proper.) 

““The lymphatics of the epididymis terminate in 
the external iliac nodes. 

‘“The lymphatics of the ductus deferens anasto- 
mose with those of the epididymis at its origin and 
with the lymphatics of the seminal vesicles, the 
bladder, and of the prostate at its termination. The 
author also notes that the lymphatics of the ductus 
deferens empty into the external iliac and hypo- 
gastric nodes. 

“‘Supraclavicular nodes. The normal collateral 
branches of the thoracic duct are the efferent col- 
lecting trunks from the intercostal nodes on the 
course of which the juxtavertebral nodes are found. 
These collateral branches, instead of terminating in 
the thoracic duct, all open into an independent pre- 
vertebral collecting trunk; this collecting trunk is 
then joined to both ends of the thoracic duct by its 
two extremities only, the trunk terminating above 
directly in the jugulosubclavicular junction or in a 
node of the transverse cervical chain.” 


The practical application of this is that if 
there is a metastatic left supraclavicular node 
there is probably a metastatic chain of nodes 
all along the course of the thoracic duct. This 
is not always the case as I have seen a left 
supraclavicular metastatic node disappear 
under irradiation and the patient remain well 
in spite of the fact that there was no irradia- 
tion of the thoracic duct. 

Because the lymphatics of the testicle gen- 
erally drain into the abdomino-aortic nodes 
we most frequently find the first metastasis in 
the upper abdomen above the bifurcation of 
the aorta. This does not preclude the possi- 
bility of a lower abdominal metastasis as these 
are the glands (external iliac) which drain the 

1Anatomy of the Human Lymphatic System, 1938. 
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epididymis. The teratoma originating in the 
rete testis, at the junction of the testicle 
proper and the epididymis, may grow either 
toward the testicle or toward the epididymis, 
or involve both. 

The regional node involvement of the 37 
cases, expressed in percentage, is as follows: 
inguinal, 4 cases, 10.8 per cent; pelvic or 
iliac, 14 cases, 37.9 per cent; lumbar, 20 cases, 
54.16 per cent; celiac, 21 cases, 56.87 per cent; 
mesenteric, 7 cases, 18.95 per cent; mediasti- 
nal, 18 cases, 48.7 per cent; bronchial, 13 
cases, 35.2 per cent; cervical, 13 cases, 35.2 
per cent. 

A tumor of the testis rarely metastasizes to 
the inguinal nodes unless it has perforated the 
tunica vaginalis or capsule of the testicle. In 
Cases 4, 26, and 31 these nodes appeared after 
operation. This is significant as we believe 
that inguinal node involvement is almost 
always the result of cutting into the teratoma 
with the resultant implanting of tumor cells 
in the operative wound and a secondary in- 
volvement of the inguinal glands. In Case 16 
the inguinal nodes were contralateral only. 
The explanation of this finding is not clear. 
However, this patient had generalized metas- 
tases. 

In 10 cases, or 27 per cent, there was node 
involvement which extended from the lumbo- 
sacral promontory to the left supraclavicular 
region. 

In 5 cases, or 13.5 per cent, in which the 
abdominal and mediastinal nodes were in- 
volved, the left supraclavicular nodes were 
not palpable. 

The mediastinal nodes were involved in 
48.74 per cent of the cases. In the chest films 
observed there was no hint of mediastinal in- 
volvement in less than half of the cases. 

The bronchial and cervical nodes were each 
involved in 13 cases, or 35.2 per cent, but in- 
volvement in both regions occurred only 7 
times, or in 18.95 per cent. 

In 7 cases in which the right testicle was 
the primary focus there were left sided supra- 
clavicular so called signal nodes. In 6 cases in 
which the primary focus was in the left testicle 
there were left signal nodes. 

In many cases the center of the nodes or 
metastatic foci, especially those in the liver, 
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were broken down and hemorrhagic. In 5 
cases of this type the peritoneal cavity con- 
tained bloody fluid in amounts up to 3000 
cubic centimeters. This observation has been 
made at the operating table and may be very 
puzzling. 

Gross metastasis to the head and neck. In 3 
cases there was intracranial disease which did 
not involve the brain (meninges). In 3 other 
cases the brain was involved, which gives 
16.24 per cent with intracranial involvement. 
This region was examined in less than half of 
these cases. This figure, therefore, would be 
materially increased if the actual number of 
cranial examinations was known. 

In Case 17 the spinal cord was involved. 
This case has been reported by Kennedy and 
Stevenson.! The thyroid was involved by 
metastatic disease only once, it being the only 
cervical structure involved other than lym- 
phoid tissue. 

Gross metastasis in the thorax. The lungs 
were involved in 29 cases, 78.37 per cent. 
The pleura was involved in 14 cases, 37.9 per 
cent. In cases of pulmonary metastasis the 
mediastinal nodes were involved 16 times, 
55-1 per cent. The bronchial nodes were in- 
volved 13 times, 44.9 per cent, when the lungs 
were involved. 

In 2 cases, 5.4 per cent, there was bilateral 
hemothorax. In 2 cases, 5.4 per cent, there 
was unilateral! hemothorax. In 1 case there 
was bilateral chylous thorax. Obstruction of 
the thoracic duct does not always result in 
chylous fluid accumulation because this may 
be conducted to the blood stream by acces- 
sory ducts. 

In 2 cases there was a discrete metastatic 
focus within the chest wall. In 2 cases there 
was intravascular extension into the right 
auricle. This will be referred to later. In 2 
cases the presence of pulmonary tuberculosis 
was noted. 

In a surprising number of cases the diag- 
nosis following first admission to a hospital is 
pulmonary tuberculosis because of the cachetic 
appearance, weight loss, night sweats, loss of 
appetite, cough, and eventually blood stained 
sputum. Most of these cases showed no evi- 
dence of tuberculosis at postmortem exami- 

1Arch. Neurol. & Psychiat., 1924, 11: 151. 
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nation and the clinical picture could be 
readily explained by metastatic teratoma 
testis. 

Gross metastases were found in the abdomen 
in the following locations: diaphragm, 4 cases, 
10.8 per cent; liver, 28 cases, 75.8 per cent; 
spleen, 4 cases, 10.8 per cent; pancreas, 3 
cases, 8.2 per cent; kidneys, 6 cases, 14.2 per 
cent; adrenals, 4 cases, 10.8 per cent; retro- 
peritoneal mass, 22 cases, 59.57 per cent; 
gastro-intestinal tract, 2 cases, 5.4 per cent; 
genito-urinary tract, excepting kidneys, 4 
cases, 10.8 per cent. 

Where there was pulmonary involvement— 
29 cases—the liver was involved in 22 cases, 
or 75.86 per cent. The liver was involved in 
only 6 cases, or 21.42 per cent of the cases 
without lung involvement. 

Liver involvement. Metastasis to the liver, 
in most cases, must be blood borne. There- 
fore, there is no relation between the liver 
metastasis and the site of the primary tumor. 
This is borne out by the record. In 28 cases 
in which tumors were found in the liver, the 
right testicle was the primary focus in 13 and 
the left testicle in 15 cases. This factor is ex- 
tremely significant and to us an unexpected 
finding. 

The gastro-intestinal tract was involved 
once by multiple discrete lesions and once by 
extension from a retroperitoneal mass into 
the duodenum. 

The genito-urinary tract was involved in- 
trinsically in 9 cases, or 24.3 per cent. The 
kidney parenchyma was involved by metas- 
tasis 4 times and by extension from a retro- 
peritoneal mass once. Twice the involvement 
was bilateral and thrice unilateral. Fre- 
quently the kidney is embedded in a retro- 
peritoneal mass but its capsule is a pretty 
effective barrier in preserving the integrity 
of the kidney. The kidney was hydrone- 
phrotic by pressure of the tumor, either upon 
the ureter or upon the kidney pelvis, four 
times. 

In one case metastatic teratoma testis 
which involved the kidney parenchyma grew 
into the renal vein whence it extended into 
the inferior vena cava and spread superiorly 
into the right auricle and inferiorly into the 
right common iliac vein. In this same case 
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the metastatic disease extended from the 
same kidney into the renal pelvis and down 
the ureter to present itself in the bladder. 

The renal pelvis was involved once by metas- 
tasis and once by extension which resulted in 
a pyonephrosis mistaken for a metastatic re- 
troperitoneal mass. The comparatively large 
number of cases with kidney involvement in 
this series of cases was also unexpected by the 
authors. 

The ureter was involved intrinsically by 
metastasis but once. 

In one case with generalized metastasis the 
bladder contained a discrete metastatic tumor 
nodule. 

In one case with generalized metastasis the 
periprostatic plexus was occluded by tumor 
clot. 

In 2 cases the spermatic cord was involved 
by extension of the testicular disease. In one 
of these cases the spermatic vein was occluded 
by tumor clot which extended uninterruptedly 
into the right auricle of the heart and up into 
the vena azygos. 

Retroperitoneal tissue was involved in 21 
cases, or 58.87 per cent, and of the cases 7, or 
3334 per cent, were bilateral masses. Involve- 
ment of the retroperitoneal tissues accounts 
for operation being carried out in some of the 
cases following cursory examination, with a 
pre-operative diagnosis of abdominal mass, 
appendicitis, et cetera. This also accounts 
for the complaints of constipation, inter- 
mittent intestinal obstruction, arthritis of 
spine, sciatica, and other common standbys. 

Bilateral abdominal involvement. In 27 
cases, 72.9 per cent, there was a surprisingly 
large number of cases in which either the 
retroperitoneal metastases or metastases to 
intra-abdominal organs or both showed bi- 
lateral abdominal involvement. This is of 
vast importance when abdominal irradiation 
of these cases is considered. We would hesi- 
tate to say how frequently in the past our 
irradiation therapy has been confined to one 
side of the abdomen—certainly in a large per- 
centage of cases. This will have to be rectified 
in the future. 

Hemoperitoneum was present in 5 cases. 

The skeleton was involved in 4 cases, or 
10.8 per cent. The ribs were involved three 
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times, the spine twice, and the calvarium 
once. It would seem that the metastases to 
the lungs, liver, and retroperitoneal tissues 
were so numerous and extensive and made 
such a great demand upon the patient’s re- 
serve that the skeletal foci do not have suffi- 
cient time to make themselves apparent in 
bone. 

Source of autopsy material. Seventeen of 
the cases upon which this study is based 
came from the Memorial Hospital; 9 from 
another hospital from which they were 
referred for treatment; 5 from Bellevue Hos- 
pital; 3 from Kings County Hospital; 2 from 
New York Hospital; 1 from Roosevelt Hos- 
pital; 1 from Grace Hospital (Dr. Rollin 
Stevens, Detroit). 


SUMMARY 


The age incidence of 37 patients who died 
of teratoma testis and whose autopsy records 
are the basis of this paper were between a 
stillborn infant and a patient aged 47 years. 

These records have clarified many points as 
to the paths of metastases, and the reasons for 
the inadequacy of irradiation in many of 
these patients. 

Metastases may be and generally is both 
lymph borne and blood borne. 

If there is present a left supraclavicular 
signal node, there is probably a metastatic 
chain of nodes along the course of the thoracic 
duct. 

The lungs were involved in 78 per cent. 
Where there was pulmonary involvement the 
liver was involved in 75 per cent of the cases. 
The genito-urinary tract was involved in 24 
per cent of all cases. When there was pul- 
monary metastases the mediastinal nodes 
were involved in 55 per cent. 

In nearly all of these cases there was bi- 
lateral involvement of the abdomen, either 
of lymphatic glands or of the intra-abdomi- 
nal organs, viz., liver, kidneys, or spleen. 


The authors wish to thank Drs, Stevens, Jeck, Singer, 
Hala, and Scherer for their courtesy in allowing us to use 
their material. 


CASE REPORTS 
In the accompanying charts the lymphatic 
metastases are marked by +; blood borne 
metastases by black dots. 
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Fig. 1. Case 1. R.R.W. Diagnosis: Primary embryonal 
adenocarcinoma with lymphoid stroma. Autopsy findings: 
Signal node disease, lungs riddled, pleura involved, 
mediastinal nodes, gynecomastia, liver metastasis, retro- 
peritoneal mass extended from pelvic brim upward. 


Case 1. R.R. W., aged 33 years, was first seen at 
the Memorial Hospital, October 21, 1932, with the 
following history: definite trauma to right testicle 
in 1922. Three years previously the right testicle 
became hard with no pain or swelling. Two months 
before he first noted nodes in the left side of the neck 
and gradual enlargement of the right testicle. He 
developed a productive cough with blood stained 
sputum. This was shortly followed by a severe per- 
sistent backache. Seven weeks before he first noticed 
bilateral painless enlargement of the breasts without 
secretion. He lost 20 pounds in weight in a period of 
2 months. 

The Aschheim-Zondek test revealed a high prolan 
content. A positive Wassermann reaction was ob- 
tained in 1925 and treatment was instituted. 

Postmortem examination was made on November 
2, 1932. Patient was a slightly emaciated white 
male with a recent operative scar in the right groin. 
The right testicle had been removed. A bulky mass 
of tissue was present in the left neck. Both breasts 
were enlarged by palpable masses. The surface of 
the lungs was roughened as a result of studded areas 
of metastasis. The cut surface of the lungs showed 
marked congestion and the entire tissue of both 
lungs was riddled with metastatic areas from 0.5 
to 3.0 centimeters in diameter. The liver was some- 
what enlarged, congested, and contained two tumor 
areas. One of these was visible on the surface. Each 
measured about o.5 centimeter in diameter, both 
appeared hemorrhagic. The kidneys showed no 
abnormalities. The right testicle showed no ab- 
normality. No disease was found at the site of the 
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Fig. 2. Case 2. K.H. Diagnosis: Primary embryonal 
adenocarcinoma. Postmortem examination revealed the 
following: Pulmonary disease, liver disease, retroperitoneal 
mass, invasion of duodenum, thrombosis of vena cava, 
mesenteric nodes. 


left testicle which had been removed. Examination 
of the lymph nodes showed a large tumor mass 
about 20 by 30 centimeters in a retroperitoneal posi- 
tion, extending from the pelvic brim along the ver- 
tebral column. The mass protruded more to the 
right than left side. The cut surface showed the 
same hemorrhagic areas as found in the lungs. 
Enlarged mediastinal nodes were found that con- 
tained tumor tissue, some measuring 3.0 centimeters 
in length. The mass of nodes in the left neck also 
contained the same type of tissue as the others. The 
brain showed no evidence of metastasis, except for 
a small nodule. Tissue was removed from each 
breast; it was tough, fibrous, and of a ‘“‘shotty” 
structure. 

The anatomical diagnosis was teratoma of the 
right testicle with metastasis to the lymph nodes, 
lungs, liver, and arachnoid. 

The microscopical examination showed em- 
bryonal adenocarcinoma. The liver metastases 
showed change in structure, more diffuse, some giant 
cells but there was no suggestion of chorionepithe- 
lioma. The breast showed gynecomastia. The op- 
posite testis showed no Leydig cell hyperplasia. 

Case 2. K. H., aged 34 years, was first seen at the 
Memorial Hospital July 12, 1924, with the following 
history: Patient lost 60 pounds in the past year. 
Two months ago a gastro-intestinal series was 
reported as normal (Lenox Hill). One month ago 
patient first noted a mass in the right side of the 
abdomen. Three weeks ago laparotomy (Phila- 
delphia) revealed an inoperable retroperitoneal, 
right tumor just beneath the duodenum. The pan- 
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Fig. 3. Case 3. E.H. Diagnosis: Primary diffuse 
embryonal carcinoma. Autopsy findings: Signal node in- 
volved, lungs riddled, miliary metastases, large tracheo- 
bronchial nodes eroded trachea causing subcutaneous 
emphysema, liver metastases, wall of left ureter, chain of 
nodes from bifurcation of aorta to left supraclavicular. 


creas were not involved. No gynecomastia was 
noted. No Aschheim-Zondek test was made. The 
right testicle was small, hard, and nodular—must 
have been the same at time of operation. 
Postmortem examination was made September 
18, 1924. The body was that of an emaciated young 
adult male. Slight jaundice was noted. There was 
a healed surgical scar 6 inches long, from navel to 
pubis. The abdomen was free from fluid and signs 
of inflammation. There was a firm tumor mass in 
the retroperitoneal region extending from the third 
lumbar vertebra up to the liver, adherent to the liver 
and the right kidney, and displacing the pancreas 
forward. A segment of the upper jejunum or duode- 
num was closely adherent to the tumor and ran along 
the upper surface. The tumor mass was 15 centi- 
meters long by 10 centimeters wide by 7 centimeters 
deep. It was firm, yellowish, without evidence of 
necrosis in the center. It enclosed several large 
arteries and the vena cava. The duodenal segment 
was sectioned and there was disclosed a large ulcerat- 
ing excavated area, 7 centimeters by 1o centimeters, 
where the tumor had invaded the wall and fungated 
into the lumen. The vena cava passed near the base 
of this excavated area and here there was complete 
thrombosis of the vein, the thrombus running up- 
ward for 4 inches, where it had been cut through. 
A few small separate metastases were present in the 
mesentery. The liver showed rather numerous small 
metastases up to 2 centimeters in diameter. The 
lungs showed several pea sized metastases. There 
was no pneumonia. The bronchial node was nega- 


Fig. 4. Case 9. T.C. Diagnosis: Primary diffuse 
embryonal carcinoma. Autopsy findings: Disease in‘ lung 
and pleura, disease in liver, retroperitoneal nodes causing 
hydronephrosis. 


tive. The right testis was about normal in size, but 
on section showed opaque tumor tissue invading 
about one-half of the gland area and all the rete. 
The epididymis appeared to be involved by rather 
firm tumor tissue without enlargement. The tumor 
mass was yellowish and apparently much fibrosed. 
The left testis was normal. 

The anatomical diagnosis was carcinoma of the 
testis; metastases to the retroperitoneal region, 
liver, and lungs; ulceration of tumor mass fungating 
into duodenum. There was thrombosis of the vena 
cava. 

Microscopical examination of sections showed an 
embryonal adenocarcinoma becoming diffuse car- 
cinoma in the primary and all secondary tumors. 
There was very marked necrosis of the tumor in all 
lesions. The cells were very large, polyhedral and 
elongated, with clear or vacuolated cytoplasm and 
very hyperchromatic nuclei. 

CasE 3. E. H., aged 27 years, was first seen at the 
Memorial Hospital on December 5, 1931, with the 
following history: The right testicle was removed 
1% years previously for ‘“‘blood tumor” which had 
been present for 3 months. He now complains of 
pain in the abdomen and back, nausea and vomiting, 
loss of weight and appetite. No gynecomastia pres- 
ent. The Aschheim-Zondek test was positive. 

Postmortem examination, January 11, 1932, re- 
vealed no right testis. There was no sign of local 
tumor. Both lungs filled the chest cavity, were 
grayish, moderately emphysematous, and were 
riddled with miliary metastases throughout. These 
formed large confluent masses in the right lower lobe. 
The hilum nodes were greatly enlarged and were 
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Fig. 5. Case to. C.G. Diagnosis: chorionepithelioma. 
Autopsy findings: Pulmonary foci, vena azygos occluded, 
bronchial nodes, neoplasm in right auricle, neoplasm in 
inferior vena cava, retroperitoneal mass around left kidney, 
spermatic vein occluded, retroperitoneal disease extending 
to base of heart, inguinal nodes. 


replaced by tumor which had secondarily invaded 
the trachea and primary bronchi at the bifurcation. 
This tumor was very soft, broken down, and may 
well have been the source of the interstitial emphy- 
sema. The node masses compressed the bronchi and 
vessels. The former yielded considerable thick muco- 
purulent material when sectioned. The stomach was 
pressed downward by an enlarged liver and metas- 
tatic deposits in the lesseromentum. The intestines, 
aside from downward displacement, were normal. 
The retroperitoneal nodes were completely replaced 
by tumor from the sacral promontory to the lung 
hilum and were continuous with those of the upper 
mediastinum. The kidneys were normal. The right 
ureter was normal. The left ureter showed an area 
of tumor metastasis which involved both the serous 
covering and the lumen. The left testis grossly was 
normal. 

The anatomical diagnosis was embryonal carci- 
noma of the testis; generalized carcinomatosis; in- 
vasion of the trachea and bronchi by metastatic 
node deposits, with interstitial emphysema. 

Microscopical examination showed diffuse em- 
bryonal carcinoma. Section of the thyroid showed 
cystic dilatation and colloid retention; of the testis, 
marked diffuse hyperplasia of the cells of Leydig. 

CasE 9. T.C., aged 46 years, was first seen at the 
Memorial Hospital on December 6, 1932, with the 
following history: He first noticed a mass in the left 
testicle and left kidney region on September 5, 1932. 
He had had back pain in the left upper quadrant for 
about 1 year previously. The testicle had been 


Fig. 6. Case 14. C.S. Diagnosis: Primary chorio- 
epithelioma. Autopsy findings: brain metastases, pul- 
monary disease, anterior mediastinal disease, liver disease. 


removed September 28, 1932, with a diagnosis of 
embryonal teratoma. When patient was first seen 
there was a mass in the upper part of left inguinal 
canal which extended into the abdomen (involve- 
ment of the cord?). There was no history of trauma 
or of gynecomastia. The Aschheim-Zondek test 
showed positive high prolan. Patient was jaundiced 
at postmortem examination, which was made June 
7, 1933. The left testis was not present; the right 
was atrophied. There was a thickening and brown- 
ing of the skin over the left abdomen (x-ray). Both 
lungs showed multiple red, hemorrhagic nodules 
over the surfaces. These were soft and bulging on 
section, representing hemorrhage with metastases 
which looked like chorionic metastases. There were 
6 to 8 nodules of 1 to 2.5 centimeters, in the left 
lung and 2 in the right. There was noted slight 
emphysema of the right lung with congestion of both 
bases, especially that of the left lung. The bronchial 
nodes were not involved. The liver was slightly 
enlarged, reddish-brown, with multiple raised red- 
dish nodular masses over the surface. On section 
these measured 2 to 5 centimeters and were soft and 
hemorrhagic, again suggestive of chorionic metas- 
tasis. The left kidney had a large amount of fat 
adherent to the capsule. There was a large irregular, 
hard mass at the pelvis and lower pole. On section 
hydronephrosis with the ureter buried in a hard 
irregular mass about 8 centimeters in diameter was 
noted. This mass was white in areas but was gen- 
erally replaced with hemorrhagic soft tissue. From 
this lower region of the kidney pelvis the nodes on 
the left side were enlarged and hemorrhagic down 
to the left iliac region. The kidney was of a light 
green color. The right kidney was enlarged and 
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swollen and showed moderate jaundice. The ab- 
dominal lymph glands, described on the left retro- 
peritoneal side up to the kidney, were hard, nodular, 
and hemorrhagic. On the right there was no enlarge- 
ment. The lower pelvis, about the prostate and 
bladder was fibrosed and densely adherent to the 
posterior lateral walls. The left testis was absent, 
the right atrophic. 

The anatomical diagnosis was metastatic em- 
bryonal carcinoma involving the abdominal lymph 
nodes, liver, and lungs; hydronephrosis; cholelithia- 
sis, atrophy of the testis, right, and absence of left; 
jaundice. 

Microscopical examination showed diffuse em- 
bryonal carcinoma with necrosis and hemorrhage, 
adenocarcinoma; atrophy of opposite testis with in- 
terstitial cell hyperplasia. 

CASE 10. C. G., aged 37 years, was first seen at 
Bellevue Hospital, on February 5, 1919, with the 
following history: In October, 1918, patient had 
sudden pain in the right iliac region. The local 
medical doctor prescribed a cathartic and the pain 
disappeared but patient felt as if there was some- 
thing obstructing the bowel in that region. He did 
not vomit. Soon after he started having cough, 
night sweats, evening rise of temperature, fatigue, 
loss of weight—3o0 pounds in 3 months. He gave 
no history of trauma, no history of gynecomastia. 
No Aschheim-Zondek test was made. The epidi- 
dymis was enlarged and tender on the right. 

Postmortem examination was made April 7, 1919, 
and showed the following: The chest was opened 
and two egg sized firm globular masses came into 
view in the region of the upper precordial area. The 
right side of the heart was opened and a large quan- 
tity of firm, raspberry colored clot escaped. Both 
lungs were large and heavy. Nodules were present 
and measured from 1 to 6 centimeters in diameter. 
These projected above the cut surface. They were 
friable, finely granular, contained innumerable and 
irregular outlined reddish specks which corresponded 
to hemorrhage. Others were reduced to soft, pulta- 
ceous masses. The peribronchial nodes were exten- 
sively infiltrated and the aorta was embedded in 
similar tissue. Practically the whole lower lobe of 
the right side was replaced by neoplasm. The left 
kidney was embedded in nodular tissue material. 
No intrinsic neoplasm was found on gross examina- 
tion in either kidney or suprarenal gland. The right 
testicle tunica vaginalis contained considerable thin, 
straw-colored fluid. The testicle was increased to 
the size of a hen’s egg. On section, the upper ex- 
tremity presented an irregularly outlined, firm, whit- 
ish, almost pearly, elevated tumor, scattered through 
the substance of which were moderate numbers of 
reidish specks. Just below this the testicle presented 
a large pultaceous, partly granular infiltrating 
growth which was dark cream colored. Lying to the 
side of this tumor, the epididymis was visible as a 
bean sized yellowish, finely angulated body. The 
spermatic cord was markedly thickened and infil- 
treted by tumor tissue. On section, the spermatic 
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vein was found to be the size of the little finger and 
was filled with a grayish red, attached clot. The 
retroperitoneal tissues were involved from the left 
external iliac vein to the base of the heart. The vena 
azygos was enlarged and filled with tumor tissue. 
When the liver was removed it was found that the 
vena cava was almost completely occluded by red- 
dish, raspberry clot. The intima was thickened 
and attached to it was a quantity of finely granular, 
reddish, tumorous material. The left femoral vein 
was thrombosed with tumor tissue. The inguinal 
nodes on the left side were enlarged and faintly 
cream colored. The liver contained no gross 
metastasis. 

The anatomical diagnosis was: chorionepithelioma 
of the right testicle; extensive infiltration of the 
corresponding spermatic cord, with neoplastic 
thrombosis of the spermatic vein; extension of tumor 
clot into the auricle of the heart; massive pulmonary 
metastases, bilateral; extensive neoplastic infiltra- 
tion of the perirenal connective tissues and of the 
tissues surrounding the aorta from commencement 
to bifurcation; neoplastic infiltration of tissues 
around the left common iliac artery and vein. 

Microscopical examination confirmed the diag- 
nosis of chorionepithelioma. 

CasE 14.) C. S., aged 15 years, was first seen at 
the Memorial Hospital May 24, 1935, with the fol- 
lowing history: For past 2 months had noticed 
weakness; past 3 weeks, shortness of breath, pain in 
right shoulder and right side of chest. On May 10, 
1935, roentgenograms of the chest had been made 
elsewhere and showed a large mediastinal mass. 
No cough or weight loss noted. Both testes were 
atrophic, about one-fourth normal size. There was 
no history of mumps. In view of the bulky intra- 
thoracic metastatic tumor in a young man and in 
view of the atrophic testes, the Aschheim-Zondek 
test was suggested. It was made and showed a high 
prolan content. There was no history of trauma and 
no gynecomastia. 

Autopsy was performed June 24, 1935, and showed 
the following: The tissues of the anterior medias- 
tinum were edematous. Overlying the entire ante- 
rior pericardium, attached thereto and to the 
diaphragm and fusing inseparably with the portion 
of the right lung overlying the pericardium was a 
bulky, soft, brownish, cystic hemorrhagic mass of 
tumor. It was too low for a typical thymoma and 
failed to surround the great vessels at the base of 
the heart. The heart itself was negative. Through- 
out the lung parenchyma were numerous similar 
tumor nodules. None communicated by ulceration 
with the dissected bronchi. Some appeared on the 
pleural surfaces and one was adherent with the 
parietal pleura over the ninth and tenth ribs on the 
right in the axillary line. The right visceral pleura 
showed gelatinous edema. Both testes were firm 
but small. In the left testis was a small, firm, elastic, 
whitish nodule about 4 millimeters in diameter; 


Previously reported by Craver and Stewart. J. Am. M. Ass., 1936 
106: 1802-1804. 
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separate from that was a somewhat smaller grayish 
mucoid looking nodule. The former looked like a 
fibroma. The brain, scalp, and calvarium were 
negative. The meninges showed slight yellowish 
edema with xanthochromic fluid. No gross hemor- 
rhage was present. A small hemorrhagic cortical 
metastasis about 1 centimeter in diameter was noted 
in the right occipital lobe in the superior, lateral 
portion. Hemorrhagic metastases 3 centimeters in 
diameter, easily enucleable were noted in left cere- 
bellar hemisphere and were surrounded by pro- 
nounced yellowish gelatinous edema. No gross 
obstruction was noted in the fourth ventricle; the 
lateral ventricles showed decided dilatation. The 
source of any spinal hemorrhage must have been 


located low down. The pituitary gland was normal 
on gross inspection. 

The anatomical diagnosis was chorioma of lcit 
testis, fibroma of left testis, testicular atrophy; 
primary mediastinal teratoma, (?) embryonal cer- 
cinoma of lung; metastases to lungs, liver, bran, 
cerebellar edent4, congestion of liver, spleen, and 
kidneys. 

The microscopigal examination revealed: tera- 
toma testis, primary, consists only of adult mucous 
glands and a cholesteatomatous cyst with no ascer- 
tainable malignant local residue; metastatic chorio- 
nepithelioma—lungs, mediastinum, liver, brain; 
testicular atrophy and extreme interstitial cell hy- 
pertrophy and hyperplasia. 
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ARTHROGRAMS OF HIP JOINTS OF CHILDREN 


Dr. ERIK SEVERIN, Stockholm, Sweden 


N the investigations now being carried out 
at the orthopedic clinic in Stockholm on 
the many unsolved problems concerning 
congenital dislocation of the hip, the 

arthrographical study of such hip joints has 
proved extremely useful. Because of its car- 
tilaginous nature, a great part of the hip joint 
of a child is outside the scope of roentgen- 
anatomical studies, unless a contrast medium 
is used. 

The literature on hip joint arthrography is 
scarce. Some authors have contented them- 
selves with determining the shape and size of 
the caput from the arthrogram; in cases of 
congenital dislocation of the hip, the breadth 
of the isthmus has been ascertained together 
with the presence of ligamentum teres, etc. 
In his book Untersuchungen ueber die A etiologie 
und Pathogenese der angeborenen Hueftverren- 
kung, however, Faber has given a clear de- 
scription of how the free border of the carti- 
laginous acetabulum can be identified. He 
also points out how this identification provides 
further means of distinguishing between a 
normal hip and those in different stages of 
caput displacement: if the joint is to be styled 
normal, the border of the cartilaginous acetab- 
ulum should reach down laterally to the hori- 
zontal line through the Y-shaped cartilages or 
in its immediate vicinity; if this border is dis- 
placed upward a subluxation has developed; 
and when the caput has come away com- 
pletely from the acetabulum, a complete dis- 
location results. 

No one, however, has "paid much attention 
to the details in the medial part of the arthro- 
gram. In the hope of confirming the correct- 
ness of earlier arthrogram findings and also to 
add to our knowledge of the details found in 
arthrograms of the hips of normal children, 
we have carried out an investigation which is 
here discussed. 

The material used consisted of arthrograms 
made at the Clinic and also of specimens of 


From the Carolina Institute’s Orthopedic Clinic, Vanférean- 
stulten, Stockholm, Professor Henning Waldenstrém, Director. 
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hip joints from stillborn children at full term. 

A mixture consisting of cinnabar and celloi- 
din—film being dissolved in acetone—was 
injected into the hip joints of the postmortem 
specimens. For the sake of simplicity, this 
mixture will be called “cinnoidin.” 

As cinnoidin flows sluggishly, the injection 
was carried out by means of a metal syringe. 
The threadworm of the pistonshaft was 
passed through the nut at the end of the 
syringe so that the piston could be screwed 
forward with some force. The joint was punc- 
tured from the front, and a few small stitches 
were placed around the point of the syringe 
with silk. During the process of injection, the 
distention of the joint capsule was checked by 
the fingertip, to ensure that it was complete 
but not excessive. By the careful moving of 
the joint, the cinnoidin was distributed within 
it. The preparation was placed in a diluted 
formalin solution for some weeks to prevent 
it from drying. When the cinnoidin had solid- 
ified, and this could be determined by pricking 
with a needle, the arthrographic cast was 
checked by roentgenogram and subsequently 
dissected for comparison with the roentgen 
pictures. The bright red color of the “fixed” 
arthrogram facilitated dissection. 

Complete agreement cannot be expected 
between the cinnoidin-arthrograms and those 
arthrograms made with perabrodil in clinical 
patients. Compared with perabrodil, cinnoi- 
din flows slowly, and a good deal of the soft 
parts had been removed during dissection of 
the postmortem material. This should be 
taken into consideration in passing judgment. 

Comparison of the clinical arthrograms 
with the cinnoidin preparations and their 
roentgenograms reveals the following: 

At the insertion of the synovial membrane 
on the femoral neck, the contrast medium is 
collected into a ribbon round the neck (Fig. 
1, A). 

The orbicular zone, B, appears as a circular 
attenuation in the contrast material, medial 
to the neck ribbon. The synovial membrane 
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Fig. 1. Arthrogram of a hip joint (schematic drawing). A, ribbon round the 
femoral neck; B, orbicular zone; C, fibrocartilaginous limbus; D, capsule pocket 
outside transverse ligament; E, impression of transverse ligament; F, recessus 


fossae acetabuli. 


Fig. 2. Arthrogram of a hip joint seen from the medial side 
(schematic drawing: the bottom of the socket taken away). E, trans- 
verse ligament; Fi, recessus ventralis fossae acetabuli; Fz, recessus 
dorsalis fossae acetabuli; H, ligamentum teres. 


bulges out again above the orbicular zone and 
makes room for larger quantities of contrast 
material between itself and the caput, the 
shape and size of which is beautifully repro- 
duced in the arthrogram. 


In the upper parts of the joint, the fibro- 
cartilaginous limbus, C, protrudes into the 
contrast medium like a ploughshare. The re- 
cess situated outside the limbus is filled with 
contrast material up to the synovial meri- 
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Fig. 3. Arthrograms of the right hips of two stillborn children, taken with cin- 
noidin. A, ribbon round the femoral neck; B, impression by zona orbicularis; 
C, impression by fibrocartilaginous limbus; D, capsule pocket outside transverse 
ligament; £, impression of transverse ligament; F, recessus fossae acetabuli (F:, 


ventral; F2, dorsal). 


brane root some millimeters from the free 
limbus edge. The limbus thorn affords a sure 
base for the extent of the acetabulum upward. 
Beginning on the inside of the limbus, there is 
the space of the joint which im vivo normally 
has a thinner contrast material content than 
is to be obtained in the postmortem material. 

Normally, then, the quantity of contrast 
medium between the femoral head and the 
acetabulum is very small, except medially. 
Here the contrast material is collected partly 
in the fossa acetabuli—i.e. medial, F, to the 
ligamentum transversum, E—partly in the 
relatively generous capsule pocket, D, which 
is to be found immediately outside the liga- 


D 


b 
Fig. 4. Preparation of the arthrogram seen in Figure 3b, 
een from the medial, a, and ventral, b, sides. C, impres- 
sion by fibrocartilaginous limbus; D, capsule pocket out- 
side transverse ligament; E, impression of transverse liga- 


nent; Fi, recessus ventralis fossae acetabuli; Fz, recessus 
dorsalis fossae acetabuli. 
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mentum transversum, E. The pointed fibro- 
cartilaginous limbus merges into the ligamen- 
tum transversum at the incisura acetabuli. 


A BD E Fr 
Fig. 5. Arthrogram of a child’s normal hip joint. Pera- 


brodil was used. A, Ribbon round the femoral neck; 
B, impression by orbicular zone; C, impression by fibro- 
cartilaginous limbus; D, capsule of pocket outside the 
transverse ligament; E, impression of transverse ligament; 
Fi-2, recessus ventralis et dorsalis fossae acetabuli. 
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Sectionally the ligamentum transversum is 
rounded, and on account of its extension 
mainly in a dorsoventral direction seems, in 
pictures taken in a dorsoventral plane, to 
appear in the contrast medium as a rounded 
impression (impressio ligamenti transversi), E. 

According to Faber, the quantity of contrast 
material in the bottom of the acetabulum is, 
normally, extremely slight, but according to 
our investigations one should take into ac- 
count the normal variations brought about 
by varying injection pressures, decreased mus- 
cle tonus under a narcotic, incongruity be- 
tween the caput and acetabulum, or the like. 
Naturally, the quantity of contrast material 
contained in the fossa acetabuli also influences 
the size of the contrast medium pool in the 
bottom of the acetabulum. 

The quantity of contrast medium which lies 
in the fossa acetabuli and which forces its way 
down medial to the ligamentum transversum, 
is parted at its lower tip into two prongs—a 
ventromedial, F;, and a dorsolateral, F2, the 
anatomical foundation of which are the two 
pouches, which the author names recessus 
ventralis fossae acetabuli and recessus dorsalis 
fossae acetabuli. The site of origin of the liga- 
mentum teres, H, from the medial side of the 
ligamentum transversum is joined to the bot- 
tom of the fossa acetabuli with a few firm tis- 
sues. If the contrast medium is subjected to 
pressure from above, the soft parts in the fossa 
cannot recede uniformly, but bulge into two 
pouches, whose divisional wall is supported by 
the aforementioned tissues between the bot- 


tom of the incisura and site of origin of the 
ligamentum teres. Thus, both the resultan: 
contrast prongs are usually projected onto 
one another, but, if they appear in the arthro- 
gram it is possible, with their help, to poin: 
exactly to the spot where we should look for 
the origin of the ligamentum teres. 

In cases of congenital dislocation of the hip, 
one or more of the arthrographic details note 
may be distorted or obliterated through more 
or less extreme secondary changes. 


SUMMARY 


Casts, obtained by dissection after being 
photographed and compared with correspond- 
ing roentgen pictures, have helped to show 
where contrast medium is collected in arthrog- 
raphy of hip joints of normal children. The 
details of the arthrograms have been directly 
identified in the specimens. Comparisons 
have also been made with clinical arthrograms. 

The extent of the cartilaginous acetabulum 
may be determined laterally with the aid of 
the limbus thorn, medially with the aid of the 
ligamentum transversum which, at a suitable 
projection, appears in the contrast medium as 
a rounded impression (impressio ligamenti 
transversi). Time and again one sees the 
quantity of contrast medium, situated medial 
to the ligamentum transversum, parted into 
two prongs by the origin of the ligamentum 
teres. These two prongs are enclosed in two 
pouches which the author names recessus ven- 
tralis fossae acetabuli and recessus dorsalis 
fossae acetabuli. 
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THE IMPLANTATION OF SOLID PELLETS OF ESTROGENS 
IN THE TREATMENT OF MENOPAUSAL SYMPTOMS 


GRAY H. TWOMBLY, M.D., and ROBERT S. MILLEN, M.D., New York, New York 


T is the purpose of this paper to report 
the use of solid pellets of estrogenic ma- 
terials in the treatment of 37 patients 
suffering from menopausal symptoms. 

Four patients with kraurosis and leucoplacia 
of the vulva have been similarly treated. In 
addition, pellets have been given to 4 patients 
with leucoplacia buccalis or chronic stoma- 
titis, following out the work of Nathanson, 
who has treated successfully patients with 
leucoplacia by repeated injections of estrogens 
in oil. A single case of what appeared to be 
hyperfunction of the adrenal cortex was treat- 
ed. In general, those suffering from meno- 
pausal symptoms have been greatly relieved 
by the pellets for periods varying from 5 
months to more than a year. The patients 
with kraurosis have been somewhat improved 
but not cured. No effect has been noted on 
leucoplacia buccalis or chronic stomatitis. The 
only noticeable effects on the hirsute woman 
was the suppression of her scanty menstrual 
periods for 2 months. 

In 1937 Deanesly and Parkes published 
their observations on the prolongation of es- 
trogenic effects in capons by the implantation 
of solid crystals of estrone beneath the skin. 
Whereas 4 milligrams of estrone dissolved in 
sesame oil and injected subcutaneously into a 
brown leghorn capon caused the appearance 
of a narrow brown stripe on the growing black 
breast feathers of the bird, a smaller amount 
(3 mgm.) implanted as a crystal beneath the 
skin resulted in a total change in color of the 
growing feathers to brown and this effect was 
continued for nearly 3 months. Similar pro- 
longation of hormone effects was shown in cas- 
trated rats by the implantation of testosterone 
pellets. 

The fundamental idea of using the almost 
insoluble steroid hormones in solid pellet form 
io obtain long continued hormonal effects has 


From the Gynecological Services of the Memorial Hospital 
nd the Roosevelt Hospital. 


been used subsequently by many investiga- 
tors, with excellent results. Thorn’s (11, 12) 
experiments using desoxy-corticosterone in 
cases of Addison’s disease are well known. 
Howard and Vest and Hamilton have used 
pellets of testosterone propionate to good 
effect. More recently Hartman has reported a 
careful series of experiments on monkeys in 
which he used pellets of estrogens, progester- 
one, and testosterone. He records effects from 
a single 3 milligram pellet of theelin lasting for 
4 months or longer. 


Fig. 1. Endometrium from a woman treated with two 
15 milligram pellets of ¥a-estradiol showing the typical 
Swiss-cheese type of endometrial hyperplasia produced by 
hyperestrinism. The patient had had a spontaneous meno- 
pause 4 months before pellet implantation. Biopsy taken 
7 months after therapy, 4 months after bleeding started. 
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Fig. 2. Vaginal smear from a girl of 20 who had been 
castrated with x-ray therapy for a dysgerminoma of the 
ovary. Note the predominance of “deep cells” and the 
— of any large cornified epithelial cells with pycnotic 
nuclei. 


Estrogens have been used in solid form to 
obtain very prolonged effects by Twombly, 
who produced cancer in male mice of a sus- 
ceptible strain (R ITI) with a single crystal of 
estrone given at 10 days of age, and by Ge- 
schickter who produced mammary cancers in 
rats similarly treated. Bishop used a 14 mil- 
ligram pellet of estrone in a patient suffering 
from menopausal symptoms and reported a 
reduction in the number of flushes from 10 to 
12 a day to 4 to 6 a day, the effect lasting 
about 7 weeks. Salmon, Walter, and Geist, 
using crystals of a-estradiol benzoate, im- 
planted 10 menopausal patients with 4 to 7 
milligrams each and reported marked im- 
provement in symptoms lasting from 60 to 
98 days. 

The experiments of Deanesly and Parkes 
seemed so striking that their application to 
women with menopausal symptoms imme- 
diately suggested itself and was begun on a 
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atc 
Fig. 3. Completely cornified smear from the preceding 
patient 1 month after implantation of a 20 milligram pellet 
of estradiol. 


cautious scale in the fall of 1937 in our own 
clinic. Crystalline estrone was dissolved in 
ethyl alcohol and recrystallized, the crystals 
so obtained weighing from 1 to 14 milligrams. 
These were sterilized by boiling and intro- 
duced into the gluteal muscles by insertion 
through a small trocar. Later, at the sugges- 
tion of Professor Parkes, pellets of estrone 
weighing 15 to 30 milligrams were used while 
all the recent cases have been treated with one 
or more 20 milligram pellets of a-estradiol.' 
These last pellets are firm and smooth, 
measure 3 by 2 millimeters, and are supplied 
sterile in glass ampuls. They are boiled for 3 
to 5 minutes after removal from the tube as 
an extra check on their sterility and are in- 
serted through a trocar, size 10 French, such 
as is supplied by surgical supply houses for 


1The crystalline estrone was obtained from the Schering Corporation 
through the kindness of Dr. Erwin Schwenk. The estrone pellets and 
the pellets of a-estradiol were supplied by Dr. A. N. Macbeth of tie 
N. V. Organon Company, London, and by Dr. R. D. Shaner of Roch- 
Organon, Inc., Nutley, N. J. To these men we are indebted for th: 'r 
generosity. 
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tapping hydroceles. The material has been 
inserted intramuscularly into the buttock 
through a novocain wheal, no incision or 
suturing being necessary. The resultant scar 
is negligible. 

The first patients were treated with crystals 
of estrone alone. Of these there were 4. There 
were 13 women who had crystals or pellets of 
pure estrone inserted first, followed at a later 
date with pellets of estradiol. Fourteen pa- 
tients had treatment either before or after pel- 
let implantation with diethyl-stilbestrol given 
as tablets by mouth (1 to 2 mgm. daily) or 
intramuscularly three times a week in doses of 
0.2, 1.0, or 2.0 milligrams in oil. A number of 
patients had previously had treatment with 
intramuscular injections of estrone in oil! be- 
fore receiving pellets. Finally there were 42 
patients who received from 20 to 60 milligrams 
of a-estradiol each, 23 of whom had no other 
form of estrogenic therapy. 

In treating patients suffering from meno- 
pausal symptoms, it has been impressed re- 
peatedly upon us that one is dealing not only 
with the physiological lack of hormone but al- 
so with a complicated psychic pattern—the 
result of the patient’s age, economic and 
social background, changing marital relation- 
ships, etc. The latter symptoms are often cur- 
able simply by the frequent sympathetic 
questioning of the patient by the physician. 
This is particularly true of the patients in the 
age group between 4o and 55. Some, in con- 
trast, are very resistant to treatment of any 
kind, but in such cases we have found several 
times on questioning the patient carefully 
that clinical cure would entail the necessity of 
her going back to work or perhaps might re- 
sult in a cut in home relief or in some way 
might be disadvantageous 

Because it is so hard to get a reliable idea as 
to the degree of benefit from any form of ther- 
apy in these women, we have made it a rule to 
treat only patients with severe symptoms who 
were willing to count the number of flushes 
they had daily. The effort required in this pro- 
cedure eliminates many patients with mild 
symptoms and makes the results of therapy 
somewhat more objective. Most of the pa- 
tients have been followed from week to week 


'Theelol-Parke Davis Company. 
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Fig. 4. Record of hot flushes in the same patient showing 
complete disappearance in 1 month with a gradual return 
to the pretreatment frequency in 5 months. 


with studies of the vaginal smear. In addi- 
tion, the condition of the cervix and breasts, 
and other menopausal symptoms such as 
headache, dizzy spells, insomnia, crying spells, 
etc., have been noted at each visit. 

To illustrate the difficulty of accurately esti- 
mating the effect of medication, the first 
case may be cited, in which 4.8 milligrams of 
estrone completely abolished all hot flushes 
for at least 6 months though there was no 
change in the atrophic menopausal vaginal 
smear. A number of patients have been 
cured of their symptoms merely by being re- 
quired to count their flushes. 

In the other direction, a patient treated 
with 50 milligrams of estradiol and 100 milli- 
grams of diethyl-stilbestrol, given both by 
mouth and intramuscularly, never showed any 
striking relief of symptoms but rather a slow 
improvement. This effect seems significant 
when one knows that she is a confirmed at- 
tendant in the out-patient department of half 
a dozen other clinics. A second patient show- 
ing’no benefit complained, after 60 milligrams 
of estradiol in 4 months, that she felt so poorly 
that she ought to be on home relief but that 
the authorities would not agree that she was 
sick enough to stop working. Her vaginal 
smear showed a full estrogenic effect. 

The most satisfactory results of treatment 
have been obtained among young people who 
are surgical or radiation castrates. Three of 
these, 20, 25, and 30 years of age, have all 
shown complete cure for 3 to 6 months from 
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1 or 2 pellets of estradiol. In addition to their 
prompt reaction to treatment, they have failed 
to show the other psychoneurotic manifesta- 
tions so frequently seen in the older patients. 

Of the total of 46 patients treated, 17 were 
suffering from menopausal symptoms follow- 
ing surgical castration or hysterectomy, 14 
had been treated with radium or roentgen- 
rays, while in 12 the symptoms followed a 
spontaneous menopause. Three patients were 
still menstruating. In general, the women who 
had been surgically castrated were more re- 
fractory to treatment than either of the other 
groups. They required from 1 to 3 pellets for 
complete relief of their symptoms, the average 
dose being 2, these usually being given within 
a month of each other. Those treated prev- 
iously with radium were more easily relieved. 
They received only 1 pellet in 8 cases, 2 in 5, 
and 3 in 1, the average dose being 114. The 
12 women who were suffering from post- 
menopausal symptoms after a spontaneous 
menopause were all treated with only 1 pellet, 
save in 2 cases, both suffering from kraurosis 
vulvae. The first of these was given two 20 
milligram pellets a month apart, and the 
second 3 pellets. Of these 12 patients, g had 
uterine bleeding, starting 1 to 3 months after 
treatment, lasting from a few days to a year. 
This was severe enough in 1 case to require 
curettage and radium. Another should have 
been treated in the same way but refused. Three 
patients treated recently have had no bleeding. 
One of the surgical castrates bled 7 weeks after 
pellet insertion, evidently from part of the lower 
portion of the uterus which had not been re- 
moved at the hysterectomy 2 months before 
treatment. 

Women who have had a spontaneous meno- 
pause are relieved of their symptoms much 
more easily than surgical or radiation cas- 
trates, and this is what one would expect, 
since the ovary still has some activity even 
after the menstrual periods have ceased. How- 
ever, the uterine bleeding, which has occurred 
in three-quarters of these cases, would seem to 
contra-indicate treatment by pellets. In 5 of 
the patients who bled for a considerable length 
of time it was possible to obtain pieces of 
endometrium for study, in 1 case by formal 
curettage under a general anesthetic, and in 


the others by the use of a suction curette. All 
4 patients showed the typical Swiss-cheese 
pattern of the endometrial glands typical of 
prolonged estrogenic stimulation. The micro- 
scopic section of one of these specimens is illus- 
trated in Figure 1. 

The pellet form of therapy has been very 
satisfactory in the patients treated with es- 
tradiol. All but one of the menopausal women 
have shown moderate to marked improvement 
or complete cessation of symptoms. This im- 
provement has included abolition of hot 
flushes, improvement in sleep, great improve- 
ment in nervousness, cessation of crying 
spells, relief of headaches, and the advent of a 
feeling of well-being. The effect from a single 
implantation appears to last a variable length 
of time. Those patients in whom the effects 
seemed the most objective had relief for 5 
to 6 months. In others relief lasted longer. 
It is our impression that the effect of estra- 
diol in pellet form is more marked than 
anything we have been able to obtain with 
diethyl-stilbestrol or estrone in oil. Because of 
the expense of the latter drug for clinic pa- 
tients, it may be that we have not adminis- 
tered it in large enough doses over long enough 
periods, but several patients, later treated 
satisfactorily with pellets, have had as much 
as 10,000 international units of estrone in oil 
3 times a week for 3 weeks or longer. Diethyl- 
stilbestrol in our hands has given a high per- 
centage of toxic effects; 6 of the 12 patients 
complained of nausea or abdominal pain when 
taking the drug by mouth. These symptoms 
have occurred occasionally, even when the 
material was given by hypodermic injection. 

In our hands the implantation of solid pel- 
lets of estrone have been practically without 
effect. One patient received four 15 milligram 
tablets at one time, another two 30 milligram 
tablets, another 65.4 milligrams as one 30 
milligram pellet and about ten crystals, all 
without benefit. 

As has been described by Papanicolaou and 
Shorr, the human vagina undergoes atrophy 
following the menopause with a marked thin- 
ning of the cornified layers of the epithelium. 
This thinning is accompanied by the appear- 
ance in the stained vaginal smear of leucocytes 
and large round cells with large nuclei, “deep 
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cells” as they are called by these authors. 
These cells form the deeper or basal layers of 
the mucosa. In some cases the entire smear 
may consist almost entirely of them. In other 
cases, though the epithelial cells are large and 
polyhedral, the nuclei are quite large and 
palely staining. Under the influence of ade- 
quate amounts of ovarian hormone, the leu- 
cocytes tend to be greatly reduced in number 
or to disappear altogether, while the “deep 
cells” disappear completely. The epithelial 
cells become large and flat, and their nuclei 
shrink so that they are small, pycnotic, and 
deeply staining. 

We have studied the vaginal smears in 35 
of our cases and classified them as o to 
++-++, depending on the degree of cornifi- 
cation that they show. By o we mean a smear 
composed of small round cells with relatively 
large nuclei. Leucocytes may be present in 
abundance. Of the 26 cases in which smears 
were taken before therapy was begun, 11 
showed this picture, one type of which is illus- 
trated in Figure 2. When the smear contained 
only a few of these cells it was spoken of as +. 
Four pretreatment smears were thus classified. 
If the smear showed large polygonal epithelial 
cells with large pale nuclei and many leu- 
cocytes, it was labeled +-+. There were 5 of 
these in the pretreatment smears. If there 
were few leucocytes and most of the epithelial 
cells showed pycnotic nuclei with less than 
half of them showing large nuclei, the smear 
was labeled +-+-+. There were 6 of these. By 
+-+-+-++ we mean a smear consisting of large 
polygonal cells all of whose nuclei are small 
and heavily stained. Either no leucocytes or 
only a few are present (Fig. 3). This type of 
smear was not found in untreated cases. 

In 24 of 30 patients treated with estradiol 
pellets in whom smears were taken after 
treatment, complete cornification was seen. 
Three patients showed smears classified as 
+++. In 3 cases menopausal smears were 
found after treatment. The explanation for 
the failure of these patients to show a response 
in the vaginal smear is difficult. One patient 
certainly had a physiological response from 
the drug, for her breasts enlarged and the 
uterus increased in size. A second patient who 
had received 40 milligrams had complete relief 


of hot flushes but continued to show deep 
cells in the smear. The third suffered from 
kraurosis. It has been our experience that pa- 
tients with kraurosis require large doses to 
give any physiological response, and the fact 
that this woman failed to show any smear 
changes with one 20 milligram pellet corre- 
sponds with this clinical observation. 

Several effects other than those it was de- 
sired to produce, in addition to the uterine 
bleeding already mentioned, deserve descrip- 
tion. These include swelling and soreness of 
the breasts of mild to moderate degree lasting 
for a few days to a month. This occurred in 
about half of the patients. In 4 cases leuco- 
placia of the cervix was seen to develop follow- 
ing therapy. Biopsies in all of these cases 
showed only thickening of the epithelium 
without downgrowth into the underlying mus- 
cle. One patient who bled for almost a year after 
treatment developed a cervical polyp first, 
about 2 months after insertion of the estradiol. 
This was also true of the last case. Two pa- 
tients complained of severe headaches for 
about a month at the time when it was judged 
that the effect of the pellet was wearing off. 
One patient with multiple fibromyomas of the 
uterus showed a definite increase in size of 
these tumors. The uterus before treatment 
was described as being about the size of a 2 
months’ gestation, whereas a month later it 
reached almost to the umbilicus. The same 
was true of a second patient though the 
growth was not quite so marked. 

Finally, this report would not be complete 
without a word on the relationship of this form 
of therapy to cancer of the breast. As has been 
mentioned, cancer can be produced in male 
mice with single implantations of crystalline 
estrone. In the patients we are reporting, as 
much as 720,000 rat units of estradiol have 
been given to 1 patient. Because such an 
amount of drug might be thought dangerous, 
especial care has been taken to follow our 
cases, particularly with regard to the condi- 
tion of the breasts and cervices. In no case as 
yet has any mass developed in the breast. The 
only lesions of the cervix have been described. 
In this respect our experience agrees with 
that of Shorr and Papanicolaou (10) who 
report 452 patients treated from 1 to over 7 
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years with doses of 50,000 to 3,000,000 rat 
units of estrogenic material without a single 
case of cancer which could be attributed to 
the therapy they had received. 

In our series there were 2 patients who had 
been treated with radium, one 5 years and the 
other 7 years previously, for carcinoma of the 
cervix. One girl of 20 had been treated for 
very extensive metastatic dysgerminoma of 
the ovary by x-rays one year before estradiol 
therapy. None of these 3 patients has shown 
any evidence of reactivation of the tumor by 
the drug. 


SUMMARY 


1. Thirty-seven menopausal patients, 4 
cases of kraurosis vulvae, 4 cases of leucoplacia 
buccalis, and 1 case of adrenogenital hirsut- 
ism have been treated by the implantation of 
solid crystals or pellets of estrone or estradiol. 

2. Estrone crystals and pellets have been 
ineffective in our hands. 

3. Twenty-milligram pellets of estradiol 
have proved most efficacious for the prolonged 
alleviation of menopausal symptoms. The ef- 
fective dose has been a total of 1 to 3 pellets 
given intramuscularly a month apart. 

4. The full effect of the pellets becomes ap- 
parent in about 1 month. The effect lasts 5 
months to a year as shown by subjective 
symptoms and vaginal smears. 

5. Pellets are contra-indicated in women 
with intact uteri, since they have caused 
bleeding (quite profuse and prolonged in some 
cases) in 9 of 12 such patients treated. No 
bleeding has occurred in patients who have 
received castrating doses of radium some time 
before estrogenic therapy. 

6. Pellet therapy was only partially ef- 
fective in 4 cases of kraurosis vulvae. 

7. A woman with marked hirsutism had her 
menstrual periods inhibited for 2 months but 


no improvement in the excessive hair growth 
was noted. 

8. No case of carcinoma of the breast or 
cervix has been produced. Two cases of car- 
cinoma of the cervix and one of dysgerminoma 
of the ovary have shown no reactivation of 
the disease by this form of medication. 
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N the interval. between January, 1922, 
and June, 1939, there have been 254 
cases of carcinoma of the large bowel (in- 
cluding 2 of the appendix and 1o of the 
anus) in the University Hospital.! It was felt 
that a systematic study of the material pre- 
sented by these cases would be of considerable 
clinical and pathological interest and would be 
representative of an average general hospital. 
Such a study is here presented with a satisfac- 
tory follow-up of approximately 97 per cent of 
the cases. We are greatly indebted to many 
busy practitioners and to the departments of 
vital statistics of the Baltimore City and State 
of Maryland health departments for invalu- 
able assistance in following these patients. 


APPENDIX 


There are 2 cases of adenocarcinoma of the 
appendix. Both occurred in white females, 
ages 44 and 49, respectively. Both presented 
the clinical picture of acute appendicitis. At 
operation the appendix was described as being 
gangrenous with abscess formation. The diag- 
nosis of adenocarcinoma was made by the 
pathologist. One patient died in 3 days of 
peritonitis, the other survived operation to die 
in 2 years of generalized metastases. 


COLON AND RECTUM 


There are 242 cases of adenocarcinoma of 
the colon and rectum. For purposes of con- 
venience they are divided into 3 groups: those 
occurring in the right colon, the left colon, and 
the rectosigmoid and rectum. Of the 40 cases 
of adenocarcinoma in the right colon, 24 in- 
volved the cecum, g the ascending colon, 7 the 
hepatic flexure. Of the 63 cases in the left 
colon, 9 involved the transverse colon, 5 the 
splenic flexure, 9 the descending colon, and 40 
the sigmoid colon. The rectosigmoid and rec- 
tum were involved in 139 cases. 


From the Department of Pathology, School of Medicine, Uni- 
versity of Maryland. 

1 Several inoperable cases were not proved by biopsy but were 
included in the study because the gross description at operation 
and the subsequent course justified the diagnosis of carcinoma. 
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Age. The highest incidence is undoubtedly 
in the age group 50 to 70 years, but youth is by 
no means ruled out; for 3 cases occurred in the 
age group between 17 and 19, 6 between 20 
and 29, 14 between 30 and 39, 39 between 4o 
and 49, 76 between 50 and 59, 77 between 60 
and 69, 26 between 70 and 79, and 1 between 
80 and 89. 

Race and sex. Of the patients with adeno- 
carcinoma of the right colon, 29 were males, 
11 females; 37 were of the white race, 3 of the 
black. Of those in whom adenocarcinoma oc- 
curred in the left colon, 35 were males, 28 fe- 
males; 58 were white, 4 black, 1 yellow. Of 
those with adenocarcinoma in the rectosig- 
moid and rectum, 89 were males, 50 females; 
133 were white and 6 black. ; 


TABLE I.—CHIEF PRESENTING SYMPTOMS 
Right Left Rectosigmoid 


Symptom colon colon and rectum 
Constipation and/or diarrhea... 13 41 89 
Blood and/or mucus in stool. . 7 20 79 
Abdominal pain............. 29 25 16 
Palpabie Maes... 16 13 5 
Lous of weight... ° 3 4 
8 I ° 
Gaseous distention........... ° 5 ° 
eee ° I 4 
Rectal discomfort............ ° ° 26 
° ° 12 


Symptomatology. The chief presenting symp- 
toms are given in Table I. 

It was questioned whether there might be 
any relation between the duration of symp- 
toms and operability. The average duration 
of symptoms of the adenocarcinomas occur- 
ring in the right colon in the entire group of 
patients was 10 months, in the operable group 
5-5 months, in the inoperable group 11.7 
months. The average duration of those occur- 
ring in the left colon in the entire group was 9 
months, in the operable group 7 months, in the 
inoperable 10.5 months. The average dura- 
tion was 10 months for those occurring in the 
rectosigmoid and rectum in the entire group 
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as well as in the operable group and in the in- 
operable group. 

The individual variance is from 24 hours to 
5 years. The figures given in the previous 
paragraph appear significant. The difference 
in chronology between the groups is probably 
related to anatomical position and physiology 
of each portion of the bowel. Only 4 cases 
were discovered incidentally. One, cecum, 
during laparotomy for acute cholecystitis; 
another, descending colon, at autopsy on a 
patient who died of obstruction following 
hysterectomy; a third, sigmoid, at autopsy 
on a patient who clinically had a psychosis 
and symptoms of a brain tumor, cerebral 
metastases; and the fourth, rectum, following 
cystostomy for acute urinary obstruction. 
Nineteen cases were diagnosed on admission 
of patients to hospital as having an acute 
abdomen. Of these 8 were due to perforation 
of the growth, ro to the associated inflamma- 
tory reaction without perforation, and 1 was 
due to an acute cholecystitis. 

Roentgenograms were made in 80 patients: 
21 of the right colon of which 18 were reported 
as carcinoma, 2 inflammatory, 1 negative; 40 
of the left colon, 34 of which were reported as 
carcinoma—case reported as carcinoma of the 
transverse colon but found at operation lesion 
in the descending colon—6 negative; 19 of the 
rectosigmoid and rectum, 18 reported as car- 
cinoma, 1 negative. Of the total of 80 cases, 
70, or 87.5 per cent were reported as carci- 
noma; 2, or 2.5 per cent as inflammatory; and 
8, or 10 per cent were negative.! 

One case was reported as carcinoma by 
roentgen-ray and confirmed by laparotomy 
(but not by biopsy) which later proved to be 
diverticulitis. It is not included. In the 2 
cases reported as inflammatory and in 7 of the 
8 cases reported as negative the symptoms 
alone were still considered sufficient justifica- 
tion for laparotomy. Only 1 case reported as 
negative was missed entirely. This was the 
patient with a psychosis who was suspected of 
a brain tumor and in whom was found at 
autopsy carcinoma of the sigmoid with cere- 
bral metastases. 


1The 8 cases reported as negative have recently been reviewed by Dr. 
Walter L. Kilby of the department of roentgenology. In 4 of the 8 a le- 
sion was described but was considered inconclusive and the fina] impres- 
sion was reported as being negative. 


Operability. Of the 242 cases, 79, or 33 per 
cent of the entire series, were operable: 11, or 
27.5 per cent, of the 40 cases occurring in the 
right colon; 25, or 40 per cent, of the 63 in the 
left colon; 43, or 31 per cent, of the 139 in the 
rectosigmoid and rectum. 

An operability of 33 per cent is low. This is 
partially explained by the criteria used for 
estimation of operability on the basis of me- 
tastases. There were 56 cases in which there 
were no demonstrable metastases but the local 
extent of the growth was the criterion for 
inoperability. There were metastases in re- 
gional nodes in 65 patients; in regional nodes 
and liver in 29 patients; there were regional 
and intra-abdominal metastases in 10 pa- 
tients and generalized metastases in 3 patients. 

There were 4 operable cases with metastases 
present in the regional nodes and liver. Two 
of these were missed at operation and were 
found at autopsy. The other 2 were recog- 
nized and the primary growth (rectum) was 
resected for relief of symptoms. Both are liv- 
ing and well, one 2 years and the other 1 year 
following operation. 


TABLE II.—TYPES OF OPERATION EMPLOYED 
Cases 
Right colon 
One stage resection with ileocolostomy........... 
One stage resection with ileocolostomy and supple- 
I 
One stage resection with ileostomy............... I 
Left colon 
One stage resection with end-to-end anastomosis... 16 
Two stage resection (preliminary cecostomy) with 


end-to-end 3 
One stage resection with end-to-end anastomosis and 

supplementary 
One stage abdominoperineal resection (sigmoid)... 1 

Rectosigmoid and rectum 

One stage abdominoperineal resection............ 20 
Two stage abdominoperineal resection............ 9 
Two stage resection with end-to-end anastomosis... 2 


Operative mortality. Of the 79 patients oper- 
ated upon, there were 30, or 38 per cent, 
operative deaths: 5, 45 per cent, of the 11 
cases in the right colon; 10, 38 per cent, of the 
25 in the left colon; 15, 35 per cent, of the 43 
in the rectosigmoid and rectum. 

Chief cause of death. Peritonitis—6 had ob- 
struction—was the cause of death in 18, or 60 
per cent, of the cases; operative shock in 6, or 
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20 per cent; systemic disease in 6, or 20 per 
cent. 

Of 18 patients dying of peritonitis 7 came to 
autopsy. Four of these had leakage at the 
operative site, 3 were apparently due to con- 
tamination at operation. 

It was questioned whether peritoneal drain- 
age played any part in the prevention of peri- 
tonitis. In 37 of the 79 cases resected perito- 
neal drainage was employed. Eight of these 
patients died of peritonitis. Only 2 of these 8 
came to autopsy, 1 was due to leakage and the 
other was not. We doubt that there is any 
significance in these figures. 


TABLE III.—MORTALITY BY ERA OF THE 
I7 YEAR PERIOD 
Year Resected Deaths Percentage 
1922-1929 
1930-1935 
1936-1939 
TABLE IV.—MORTALITY BY OPERATIVE 


PROCEDURE 


Number 
cases Deaths Per cent 


Operation 
One stage abdominoperineal resec- 
tion 20° 10 50 
Two stage abdominoperineal resec- 
tion 9 5 56 
One stage resection with end-to-end 
anastomosis or ileocolostomy.... II 37 
Two stage resection (preliminary ce- 
costomy) with end-to-end anas- 
I 25 
Mikulicz resection 2 5° 
Posterior resection, rectum I 8 


Prognosis of resected cases. Of the 79 cases 
resected 49 patients survived the operation. 
All of the 49 have been followed satisfactorily 
to December, 1939, except 1, and that one was 
followed for 5 years and has been considered 
as a 5 year cure. The end-results are pre- 
sented in Table V. 

Thus 24 patients have survived 3 or more 
years; of these 3 have died of recurrence and 1 
of cerebral hemorrhage. One patient has re- 
currence after a lapse of 15 years. We feel 
that this could be justifiably considered an- 
other tumor. Of the 25 remaining cases, 11 
have died of carcinoma in less than 3 years, 2 
have died of heart disease, and 1 of cerebral 
hemorrhage within the same period of time. 
Eleven patients are still living and well, hav- 
ing survived varying periods of less than 3 
years, 2 of these with known liver metastases. 
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TABLE V.—SURVIVAL, OPERATION AND 


GRADE OF TUMOR 


Operation 
One stage abdominoperineal 
Two stage abdominoperineal 


One stage resection, cecum.. 
Posterior resection 

One stage abdominoperineal 
One stage transverse colon. . 
One stage cecum 

One stage sigmoid 

Posterior resection 

Mikulicz descending colon.. 


One stage abdominoperineal 
Two stage abdominoperineal 
One stage sigmoid 

One stage cecum 


One stage cecum 

One stage sigmoid 

Mikulicz transverse colon. . 
Posterior resection 


Posterior resection 
One stage abdominoperineal 


One stage abdominoperineal 
One stage abdominoperineal 


Present status 
Living and well 
Recurrence 

after 15 years 
Living and well 
Living and well 
Living and well 
Living and well 
Living and well 
Living and well 
Living and well 
Colloid. Died of 

recurrence 
Living and well 
Living and well 
Living and well 
Followed only 5 
years 
Living and well 
Living and well 
Living and well 
Died of 
recurrence 
Died of 
recurrence 
Living and well 
Living and well 
Living and well 


One stage abdominoperineal 


Living and well 
One stage abdominoperineal 3 


Died of cerebral 
hemorrhage 


1Two methods of grading are employed. The one is the Broders method 
of grades I to IV, the other the Dukes method indicated by the letters 
A, B, and C. We apply the Dukes method as follows: A indicates the 
growth is limited to the mucosa and submucosa, B indicates involvement 
of muscularis, and C indicates peritoneal or regional node involvement. 


Survival by operative procedure. Of those 
subjected to posterior resection, 11 survived 
operation; 2 died of recurrence after 4 years 
and 6 after 3 years or less. Two patients sur- 
vived a Mikulicz resection and 1 is living and 
well 4 years later, the other died of recurrence 
after 7 years. In the group of one and two 
stage procedures, 37 patients survived opera- 
tion. Only 5 have died of recurrence in 3 years 
or less. 

We feel that recurrence after resection indi- 
cates one of two things: (1) that metastases 
already present were overlooked at the time 
of operation. This is shown by 2 of the pa- 
tients who died after operation in whom were 
found previously unrecognized liver metas- 
tases at autopsy. (2) That the excision of the 
growth at the operation was insufficient. This 
is apparent in the high incidence of recurrence 
in the posterior type of resections. 

Prognosis of inoperable cases. Of the 163 
inoperable cases 47 patients died while in the 
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hospital from the effects of the lesion. One 
hundred and sixteen left the hospital, and 2 of 
these later had resections at other hospitals. 
One died of the operation and the other died 
in 18 months of recurrence. Six of the 116 
have not been followed. Five patients are still 
living after 6 years, 1 year, 4 months, 4 months, 
and 3 months, respectively. Aside from 3 in- 
teresting survivals of 14 years, 13 years, and 
6 years with electrocoagulation and radium, 
and 1 survival of 4% years with radium alone, 
there are no other survivals over 3 years and 
the average is 15 months. These unusual cases 
are discussed under radium treatment. 

Effect of radium. Thirty-six patients with 
inoperable lesions received radium. Three of 
these were not followed. Twenty-seven of 
these have died in less than 3 years. Six pa- 
tients survived 3 years or more and their his- 
tories are briefly presented in Table VI. 


TABLE VI.—RADIUM TREATMENT 


— Grade Deseo fe Other treatment Present status 
14 3 7,500 | Electrocoagulation| Died of carcinoma 
13* 3 3,500 | Electrocoagulation| Living and well 

6 3 1,480 | Electrocoagulation| Living and well 

4% | Nobiopsy| 2,500 | None Died of carcinoma 
3 No biopsy | 3,075 | None Died of carcinoma 
3 2 (polyp) 075 | None Died of carcinoma 


*This patient was a 41 year old white female who was considered in- 
operable. She received radium treatment, electrocoagulation, and had a 
colostomy performed for obstruction. Tumor was grade 3 ‘by biopsy. 
Thirteen years later patient returned complaining of rectal pain and dis- 
charge of pus and blood having been previously well. After another ex- 
amination it was decided that the tumor was operable and it was re- 
sected by a ngreey operation. This tumor was graded as 3B and seems 
entirely likely that it was recurrence of the original growth. The patient 
has curvived 2 years to date following the operation and is quite well. 


It is interesting that the 3 best survivals 
with radium are grade 3 tumors. As these pa- 
tients also received electrosurgical treatment 
of the local growth we hesitate to draw any 
conclusions. The survival of 1 patient with an 
inoperable growth for 13 years, when the 
growth was resected, in spite of electrosurgery 
and radium, leads to interesting speculation 
about our criteria for inoperability. 

Of the 37 patients who received radium 
treatment for carcinoma of the rectum there 
is a record of biopsy confirmation of the diag- 
nosis in only 1g. In all but 1 of these uncon- 
firmed cases patients have died with unmis- 
takable carcinoma. In 1 case the lesion later 
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proved to be an inflammatory one and patient 
has survived 14 years without evidence of car- 
cinoma being present. 


SQUAMOUS CELL CARCINOMA OF THE ANUS 


There are 10 cases of squamous cell carci- 
noma of the anus in the series. Five were in 
males, 5 in females. Seven were black and 3 
white. The average age was 56 years, varying 
from 32 to 75. The average duration of symp- 
toms was 11 months. The presenting symp- 
toms were local pain in 7 cases, constipation 
and/or diarrhea in 5 cases, blood in the stool 
in 3 cases, and an anal mass in 3 cases. 

Three were resected by posterior operation. 
One is living and well 3% years after opera- 
tion. This patient also has an associated lym- 
phogranuloma inguinale. One is living and 
well 1 year after operation. One died of heart 
failure 4 months after operation. In 5 cases 
the lesion was electrosurgically excised. Two 
of these patients died at operation, one of pul- 
monary tuberculosis, the other of general de- 
bility and infection associated with a neg- 
lected, extensive growth. The other 3 died 
of recurrence and metastases in 2 years, 4 
months, and 3 months respectively. The lat- 
ter 2 had inguinal metastases at the time of 
operation. One patient had an extensive local 
lesion extending into the buttocks. No opera- 
tive procedure was carried out but he received 
a course of radium. He has survived 6 months 
to date. One patient had metastases to the 
femur with an extensive local lesion. He re- 
ceived no treatment and died of carcinoma in 
3 months. 

CONCLUSIONS 

Carcinoma of the colon and rectum is a 
relatively slowly growing and late metastasiz- 
ing tumor. There is usually present an asso- 
ciated inflammatory reaction which clinically 
cannot be distinguished from the growth. 
Fifty per cent of the regional node biopsies at 
laparotomy are inflammatory. 

Operability should be higher. The chances 
of survival of the untreated cases are poor at 
best. The chances of survival of the patient 
who has an adequate excision of the growth 
and survives the operation are good. 

Pathological grading of these tumors is of 
no significance in this series of cases. A glance 
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at Table V will confirm this for the Broders 
method. The Dukes method appears signifi- 
cant, but it must be borne in mind that few 
cases in this series with peritoneal or regional 
node involvement were considered to be op- 
erable. 

Proper preparation of the patient has often 
been neglected. Carcinoma of the colon and 
rectum is seldom, if ever, an acute surgical 
emergency. Obstruction may well be one and 
and at the same time should be a strong con- 
tra-indication to resection. 
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THE CHOICE AND USE OF COTTON FOR 
SUTURE MATERIAL 


S. ARTHUR LOCALIO, M.D., and J. WILLIAM HINTON, M.D., F.A.C.S., 
New York, New York 


ECENT publications by Meade and 
Ochsner (8, 9) have focused atten- 
tion on the use of cotton as a suture 
material. In 600 B.C. Sushruta (2), 

the father of Hindu surgery, recommended the 
use of cotton sutures; and from time to time 
during the ages cotton has undoubtedly been 
used. The earliest modern reference to the use 
of cotton is that of Ginkorski in 1936, who 
satisfactorily employed chemically sterilized 
cotton in 100 experimental animals and in 23 
humans. 

The literature of the past decade has con- 
tained many articles (1, 4, 7, 10, 12) advocat- 
ing the use of nonabsorbable suture materials. 
Several objections have been raised to the use 
of catgut. Among the more important of these 
are difficulty of sterilization, allergic sensitiv- 
ity, variable absorbability, deleterious effects 
of chemicals, production of serum, delayed 
fibroblastic activity, and delayed wound heal- 
ing. Other criticisms are increased incidence 
of wound infection, dehiscence, postoperative 
hernia, and unreliability of the square knot 
tied with catgut. Silk presents none of these 
objections. However, it has come into disre- 
pute with some surgeons because slowly heal- 
ing sinuses occur if an infection develops. 


Meade and Ochsner attribute these to the 
presence of infected granulations in the silk 
itself. These authors state that cotton shows 
less tendency for tissue ingrowth between its 
fibers, and hence is less likely to produce si- 
nuses in the presence of infection. Cotton, 
therefore, partially obviates the most seri- 
ous objection to the use of nonabsorbable 
sutures. 

Meade and Ochsner further recommend cot- 
ton as an inexpensive, pliable, easily sterilized, 
suture material. Due to its high coefficient of 
friction, cotton is not likely to slip after the 
first throw of a square knot. Furthermore it 
can be tied with reliable square knots. After 
it is implanted in a wound, catgut, silk, linen, 
and cotton decrease in tensile strength in the 
order mentioned. Meade and Ochsner have 
graded suture materials with the following 
criteria in mind: amount and persistence of 
leucocytic infiltration, amount of serum and 
fibrin, appearance time of fibroblasts, and the 
length of time necessary to produce final heal- 
ing. Wounds sutured with cotton produced 
the least reaction and healed sooner, and 
therefore cotton was graded first; silk, linen, 
and catgut were graded in the order men- 
tioned. 
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The present study was undertaken to deter- 
mine the type and brand of cotton best suited 
to surgery and the most efficacious method of 
sterilization. Thirty-six grades of cotton of 8 
different brands, 24 grades of silk of 3 brands, 
and 5 grades of linen of 1 brand were tested. 
Studies were done on a Suter single strand 
tester. The tensile strength of 10 consecutive 
single strands was determined. The average 
and the percentage variations of these 10 
readings were calculated. The sutures studied 
were tested as they came from the manufac- 
turer; also after autoclaving; after wetting; 
after boiling, and tested wet; after boiling, and 
tested dry; after boiling, drying, and rewet- 
ting; and after boiling, drying, and reboiling. 
_ The average tensile strength of the materials 
as they came from the manufacturer was ac- 
cepted as a base line and the percentage change 
in tensile strength after exposure to the vari- 
ous conditions enumerated was calculated. 


SILK 


The variation in tensile strength for braided 
serum proofed silk was below 10 per cent, and 
for twisted silk below 20 per cent. The tensile 
strength of Deknatel serum proofed silk in- 
creased after autoclaving. After 40 minutes 
the increase was 3 to 10 per cent, after 80 min- 
utes 6 to 12 per cent, and 5 to 18 per cent after 
120 minutes. Paré serum proofed silk showed 
no change after 40 minutes of autoclaving, an 
increase of o to 13 per cent after 80 minutes, 
and changes of minus 3 per cent to plus 6 per 
cent after 120 minutes. 

Paré serum proofed silk of the various sizes 
when boiled for ro minutes and tested while 
wet, decreased in tensile strength o to 25 per 
cent. If the same material was allowed to dry, 
it increased in tensile strength o to 25 per cent, 
rewetting decreased the tensile strength o to 
25 per cent. Champion twisted untreated silk, 
when boiled for 10 minutes and tested wet, de- 
creased in tensile strength 18 to 39 per cent; 
this decrease was reduced to o to 16 per cent 
after drying. Autoclaving or boiling did not 
change the percentage variation of any of the 
silks tested. 

LINEN 

Linen autoclaved for 40, 80, and 120 min- 

utes decreased in tensile strength o to 18 per 


cent. The increase in tensile strength of No. 
50 linen is not significant. Linen boiled for 10 
minutes and tested wet increased 8 to 34 per 
cent. This increase was practically abolished 
by drying and was again apparent after rewet- 
ting. The percentage change of dried previ- 
ously boiled linen was plus o to 8 per cent, and 
for the same material after rewetting plus 16 
to 30 per cent. The percentage variation in 
tensile strength of the linens studied was ro to 
51 per cent. 
COTTON 

Handcraft cottons decreased 4 to 23 per 
cent after autoclaving for 40 minutes, g to 23 
per cent after 80 minutes, and 5 to 23 per cent 
after 120 minutes. The percentage variation 
of Handcraft cotton was 6 to 44 per cent. Se- 
rum proofed cotton of the same brand was 
12 to 35 per cent weaker, but the smaller sizes, 
No. ooo and No. 00, increased 4 to 15 per cent 
after autoclaving and the larger sizes de- 
creased 2 to 33 per cent. 

Monarch cottons decreased in tensile 
strength 3 to 10 per cent after 40 minutes of 
autoclaving, 2 to g per cent after 80 minutes, 
and o to 11 per cent after 120 minutes. Mon- 
arch No. o increased 4 per cent and 7 per cent 
after 40 and 120 minutes of autoclaving, re- 
spectively. These cottons varied in tensile 
strength 3 to 38 per cent. 

Kerr cottons decreased 4 to 10 per cent 
after 40 minutes of autoclaving and, except 
for No. 00 to 60 which decreased 7 per cent, 
showed no significant change after 80 and 120 
minutes of autoclaving. These cottons varied 
7 to 39 per cent. 

Clark cottons showed changes of plus 2 to 
minus 11 per cent after 40 minutes of auto- 
claving, plus 3 to minus 20 per cent after 80 
minutes, and plus 4 to minus 11 per cent after 
120 minutes; and varied 6 to 40 per cent. 

Climax cottons decreased o to 11 per cent 
after autoclaving and varied 11 to 24 per cent. 
American Thread Company mercerized de- 
creased o to 11 per cent and varied 11 to 24 
per cent. LeRoy mercerized increased 6 to 9 
per cent after autoclaving for 40 minutes and 
except for a decrease of g per cent in the No. 
ooo size after autoclaving for 80 minutes 
showed no further significant change. LeRoy 
cottons varied 6 to 35 per cent. 
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Simple wetting of Handcraft cottons caused 
a decrease of 2 to 6 per cent. Handcraft cot- 
tons boiled for 10 minutes and tested while 
wet increased 2 to 11 per cent, drying caused 
decreases of 2 to 23 per cent, rewetting or re- 
boiling for 10 minutes re-established the origi- 
nal increase provided the cottons were tested 
while wet. Boiling Handcraft for 20 and 30 
minutes caused no significant change if tested 
wet; drying, however, decreased the tensile 
strength 2 to 23 per cent. This decrease could 
be abolished by rewetting for 10 minutes in all 
the sizes except No. 000 and No. oo, which 
continued to show decreases of ro per cent and 
12 per cent in spite of rewetting, after having 
been boiled for 30 minutes. Throughout these 
tests, these cottons varied 7 to 37 per cent. 

Monarch, Kerr, Clark, and American Thread 
and LeRoy mercerized cottons showed similar 
trends of increased tensile strength after boil- 
ing, if tested wet, decreased tensile strength 
below control figures if allowed to dry, and in- 
crease above control figures if rewet. The in- 
creases were more marked than those observed 
for Handcraft cottons. 

Determination of actual diameters varied 
considerably for cottons of different manufac- 
ture, but of the same stated size. 


ANALYSIS OF STUDY 


From the data presented, it can be readily 
seen that cottons of the same number but dif- 
ferent brands vary considerably in their actual 
diameters and tensile strengths. This varia- 
tion is not always due to greater diameter, for 
certain brands of cotton of lesser diameter 
have a greater tensile strength. 

The choice of cotton suitable for surgery is 
dependent on several factors, and the surgeon 
is cautioned against the use of just any cotton. 
The cotton chosen should have the greatest 
tensile strength for its actual diameter, manu- 
facturers’ sizes and grading being variable and 
unreliable. 

In order that the surgeon utilize the greatest 
possible strength of cotton and thereby use 
the finest possible suture, we suggest that cot- 
ton be sterilized by boiling 10 to 20 minutes 
and used while wet. The method employed at 
the New York Post-Graduate Hospital, which 
has been found simple and convenient, con- 


sists of winding cotton on machine bobbins 
which are boiled with the instruments. After 
sterilization, the bobbins either can be kept 
wet by immersion in sterile saline or, if allowed 
to dry, can be wet just prior to use. Individual 
ties are removed from the bobbin by the oper- 
ator and individual sutures are removed by 
the nurse. 

For ligature of small blood vessels, Hand- 
craft No. ooo cotton (0.007 inch) with a ten- 
sile strength of 2.5 pounds has been used. 
Larger blood vessels are ligated with Hand- 
craft No. 00 (0.0075 inch) or Handcraft No. o 
cotton (0.0085 inch) with tensile strength of 
2.75 and 3.25 pounds, respectively. Fascia 
and peritoneum have been sutured with either 
Handcraft No. A-40 (0.012 inch) with a ten- 
sile strength of 3.75 pounds or Kerr No. B-36 
(0.0115 inch) of a comparable tensile strength. 
The same cotton has been employed for intes- 
tinal anastomosis. Heavier cottons have not 
been found necessary, provided interrupted 
sutures are used. The holding ability of any 
suture is limited by the tensile strength of the 
tissue (5, 11) and hence the tensile strength of | 
any suture should not exceed that of the tis- 
sue in which it is placed. The tensile strength 
of a suture line of interrupted sutures, pro- 
vided a sufficient number of sutures are used, 
may be made equal to that of the tissue 
although the tensile strength of the materials 
used be less than that of the tissue (6). 

Ail sutures and ligatures were tied with true 
square knots and cut 1 to 2 millimeters from 
the knot. No difficulty was encountered in the 
use of wet sutures and ligatures. 

The very low cost of cotton makes it practi- 
cal to discard all unused material. To avoid 
confusion and error it is suggested that cot- 
tons of different sizes be dyed different colors 
and iron dyes be used in preference to coal tar 
dyes. 

The variation in tensile strength of cotton 
may possibly be corrected by the manufacture 
of better surgical cottons; however, if inter- 
rupted sutures are used, the disadvantage of 
this variation will diminish. Of the cottons 
tested, those which best meet the criteria enu- 
merated are Gudebrod Brothers Handcraft 
Nos. 000, 00, o, and A-40; and Kerr’s larger 
sizes Nos. A-40, B-36, and C-30. 
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In azcomparison of the tensile strength of 
suture materials before sterilization, if the ac- 
tual diameter in inches is used for comparison, 
size for size, silk has the greatest tensile 
strength. The tensile strength of silk increases 
slightly after autoclaving but decreases after 
boiling if tested wet. When one considers the 
decrease in tensile strength of wet silk and the 
increase in strength of wet cotton, which is 
what actually occurs, in a wound, size for size, 
silk and good cotton are comparable. 

During the past 5 months more than 50 ma- 
jor surgical procedures have been performed 
with the use of cotton throughout. These 
include gastric resections, colon resections, 
radical mastectomies, cholecystectomies, ap- 
pendectomies, thyroidectomies, hernioplasties, 
suture of a perforated duodenal ulcer, and pel- 
vic procedures. 

In these cases, cotton was used in 8 in the 
presence of infection. Three developed wound 
complications, 2 of which were wound infec- 
tions in cases of acute gangrenous appendicitis 
which healed without sinus formation, and the 


_ third a draining sinus of 5 weeks’ duration in a 


case of tuberculous lymphadenitis from which 
pieces of cotton were extruded. Wound heal- 
ing in the remaining cases has been excellent. 

The cost of cotton makes it possible to per- 
form a major surgical procedure for a few 
cents as compared with twenty-five cents to a 
dollar and a half for silk, one to three dollars 
for catgut. In institutions with active surgical 
services the use of cotton can effect a saving of 
several thousands of dollars a year. 


CONCLUSIONS 


1. Cotton chosen for surgical use should be 
limited to that showing the greatest tensile 
strength for the smallest diameter and the 
least variation. 


2. Cotton should be boiled 10 to 20 min- 
utes and used while wet. 

3. Cotton has been shown to decrease in 
tensile strength after autoclaving and to in- 
crease after boiling provided it is tested while 
wet. If allowed to dry after boiling, cotton de- 
creases in tensile strength. This decrease can, 
however, be abolished by rewetting or reboil- 
ing. 

4. The principles of silk surgery advocated 
by Halsted should be adhered to in using cot- 
ton. 

5. Cotton has been used in more than 50 
major surgical procedures and has been found 
to be a satisfactory and economical suture 
material. 
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HE devastating effects of infection 
by organisms from the mouth of the 
human, especially when it involves 
the hand, is commonly termed “hu- 
man bite infections” even though the original 
trauma is not inflicted by the teeth. The 
gangrenous sloughing infection of the hand so 
well described in the classic work of Mason 
and Koch is not so common as one might sus- 
pect from the frequent contamination of 
wounds by mouth organisms. The incidence 
of contamination of wounds by mouth organ- 
isms is undoubtedly great due to the fre- 
quency of thumb sucking, hangnail biting, 
and other habits which bring saliva into con- 
tact with wounds. Since the incidence of in- 
fection from such contamination is low, it is 
quite usual that the patient, and sometimes 
the doctor as well, underestimates the impor- 
tance of such infections when they occur. 
Once infection has resulted from such con- 
taminated wounds, the treatment is so diffi- 
cult and so likely to result in loss of tissue and 
function that prophylaxis is important. Ef- 
forts to prevent infection have generally been 
quite radical. Bates reported the use of 
electrocauterization in 100 cases of early hu- 
man bites with extension in but 1 case. Heal- 
ing resulted in from 14 to 22 days. Lowry 
reported 122 cases treated early by cauteriza- 
tion or by excision. Of these 93 involved the 
fingers or hand, but 55 of the 122 cases were 
observed until complete healing resulted, the 
average time for healing being 14 days. Cau- 
terization by heat or chemicals is advocated 
by Dimtza, Dunn, Welch, McMasters, and 
others, as preferred preliminary treatment. In 
1930, Mason and Koch suggested that immedi- 
ately after a human bite injury, the wound be 
cleansed gently but thoroughly with soap and 
water and then débridement only of obvi- 
ously damaged tissue be performed. This 
simple procedure which does not add material- 
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ly to the devitalization of tissue appealed to 
us as of fundamental importance. 

Accordingly, we have applied this treat- 
ment to the patients we have seen at the 
Detroit Receiving Hospital during the past 2 
years. The routine procedure adopted was 
as follows: The area about the wound was 
carefully washed with soap and water after 
which the wound was gently but thoroughly 
sponged with soap and water for 10 minutes. 
When the injury was on the hand an effort 
was made to determine the extent of the 
injury, but the wound was not probed. Func- 
tion of the fingers was noted and if injury to a 
tendon or joint space was evident the tissue 
was retracted gently and irrigated with physi- 
ological salt solution. If injury was evident in 
the extensor tendon or joint space, the wrist 
was splinted in hyperextension. Such wounds 
were dressed with dry sterile gauze and no 
attempt made to repair the tendon or joint 
capsule. When there were associated frac- 
tures these were splinted, and, in addition, in 
the case of compound fractures of the pha- 
langes, the wounds were washed and then 
irrigated with physiological salt solution and 
saline compresses applied. No effort was made 
to close the wounds other than to hold the 
tissues loosely in approximation by means of 
the dressing. Patients with compound frac- 
tures in association with human bites were 
hospitalized for observation. 

Human bites occurring in other parts of the 
body, especially the nose, ear, and lip were 
carefully cleansed with soap and water, de- 
vitalized tissue carefully débrided and the 
wound sutured, if this were possible, without 
too much tension. 

While this was the routine followed in the 
majority of cases, slight variations from this 
technique were occasionally made, chiefly 
because early after the routine was institut- 
ed it was difficult to change technique and 
viewpoint immediately. Reliance on antisep- 
tics frequently inaugurates a ritual which is 
changed slowly and with difficulty. 
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TABLE I.—TYPE OF PRELIMINARY TREATMENT 
AND RESULTS 


(Statistics for 1 year) 


2 3 


Fracture 
b b 


Finger I 


With com- 
racture 
Knuckle 
Palm 


Forearm 


Arm 
Shoulder 
Forehead 
Cheek 


Thigh I 


Total 5 | o | 2] 2 7 


Column 
1. Treated by soap and water cleansing 
2. Treated by soap and water cleansing with primary suture 
3. Treated by soap and water followed by phenol and alcohol 
4. Treated by phenol or nitric acid without washing 
5. Cases refused treatment 
a. Remained clean 
> Evidence of inflammation but did not suppurate 
Became grossly infected 
*Did on return for follow-up. 


One hundred and fourteen cases of human 
bites were seen within a few hours after injury, 
82 of which were treated strictly by the pro- 
cedure here outlined, the remaining 32 having 
some variation of the procedure. Table I 
gives detailed information concerning these 
cases. 

In none of the 82 patients treated by the 
method outlined were there any whose wounds 
became infected, except 2 over the knuckle 
which were sutured. Seven of the 14 patients 
who were treated with phenol and alcohol 
developed more evidence of inflammation than 
usual; wounds became red, swollen and indu- 
rated, but did not suppurate. Two patients 
with knuckle injuries, which were cleansed and 
sutured, required hospitalization. One returned 
8 hours after the preliminary treatment. The 
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sutures were removed and wet dressings ap- 
plied. Twelve hours later drainage was ad- 
vised, but the patient left the hospital against 
advice. The second patient came back 4 days 
after preliminary treatment and required drain- 
age of a seropurulent exudate from the dorsal 
subaponeurotic space and excision of a portion 
of the extensor tendon. The hand was splinted 
in hyperextension and saline soaks were ap- 
plied. The wound healed well and resulted in 
a normally functioning hand. One other hand 
was sutured but the patient did not return; 
therefore the results are unknown. Nine other 
patients were admitted to the hospital for 
observation immediately after preliminary 
treatment. 

The results in this group of cases have been 
gratifying, especially in comparison to former 
experiences with cauterization, excision, or 
extensive cleansing with strong chemical 
agents. The comparison of these results with 
those in the literature in which radical pro- 
phylactic measures have been taken, have con- 
firmed our belief that observation following 
cleansing of the wound with soap and water 
within the first few hours after the injury is 
the method of choice for prophylaxis of human 
bite infections. We are impressed also that by 
this means the healing time of the wound is 
shortened and tissue destruction minimized. 
In 35 patients the average time for complete 
healing was 7.8 days. In 60 other patients it 
was felt that healing had progressed sufficient- 
ly far to discharge them in an average time 
of 4.9 days. 

The recognition of human bites on the body 
is generally easy, for there are usually abra- 
sions, contusions, petechia, and tooth marks 
present. Those on the nose, finger, or knuckle 
may be more difficult to recognize. Over the 
knuckle there is usually a clean penetrating 
wound % to 1 centimeter long, which may 
appear to be superficial but if the patient will 
make a fist it frequently will bring a partially 
severed tendon into view or reveal an opening 
into the joint space. It is important to know 
the extent of the injury but not to the point 
where probing is indicated. This may not 
only fail to disclose small openings in the un- 
derlying tissue but it may result in the acci- 
dental spread of infection to a deeper layer 
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or open the joint space. It seems better to 
wash the wound and treat it kindly and 
gently. Daily observation of the injury to 
note inception of infection is indicated. In 
this group of cases there was one patient with 
an extensor tendon completely divided, as 
ascertained by the function of the fingers. No 
attempt was made to suture the tendon or 
close the wound, as we believe that this is 
contra-indicated in such potentially infected 
wounds. It is a good rule to consider any 
small penetrating wound on the hand as a 
human bite until proved otherwise, especially 
if this seems likely from the appearance of the 
wound, for it is a mistake to close such 
wounds primarily. 

Bites on the fingers are generally on the 
distal phalanx. They vary from simple abra- 
sions to compound fractures. In our series 
there were 3 of the latter. It is of interest that 
in each case the teeth penetrated the nail and 
did not leave any mark on the palmar surface. 
Bites on the distal phalanx are potentially 
dangerous and should be watched for the 
development of a felon or tendon sheath inva- 
sion. One case was seen in which the flexor 
tendon sheath had been opened and the ten- 


don partially severed, but infection did not 
occur. 

Injuries to the lip ranged from penetrating 
wounds to almost complete avulsion, the latter 
being more common. Many of these wounds 
result from the patient’s own teeth during 
fighting; others, which were usually more ex- 


tensive, resulted from bites by others. The 
amount of tissue removed varied considerably 
but in most instances removal extended into 
the skin, sometimes to the extent of a section 
1 by 3 centimeters. In 1 case an immediate 
pedicle graft was done and a good result 
obtained. In the other patients, in whose 
cases smaller amounts of tissue were missing, 
the wounds healed nicely by granulation with- 
out notable deformity. 

For the most part, bites of the nose were 
extensive, going through the ala, severing the 
cartilage, the severed portion being attached 
only loosely over the bridge of the nose. 
Before a more careful study was instigated, 
no effort was made to get a cosmetic result 
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because the danger of infection with extension 
via the infra-orbital vessels was feared. Since 
we have utilized careful cleansing, we have 
felt that loose approximation is permissible 
and have seen no ill results to date. 

Bacteriological studies and smears were 
not made in this group of early cases, and we 
have no data regarding the degree or type of 
contamination present. 


SUMMARY 


One hundred and fourteen cases of human 
bite given prophylactic treatment within the 
first few hours of the injury are presented. 

Careful cleansing with soap and water in 82 
of the cases was sufficient to prevent infection. 

In 35 cases followed to complete healing the 
average time required was 7.8 days. 

Three of 14 patients treated by cauteriza- 
tion with phenol and alcohol gave evidence of 
inflammation but the wounds did not suppu- 
rate. 

In 2 cases of human bite of the hand in 
which primary closure of the wound was car- 
ried out in addition to cleansing with soap and 
water the wounds became infected and re- 
quired hospitalization. 

These data when compared with previous 
reports would suggest that careful washing of 
early human bites with soap and water is 
preferable to other forms of immediate treat- 
ment whether it be chemical or electrocautery 
or surgical excision. 


I wish to thank Dr. Don M. Morrill, superintendent of 
the Detroit Receiving Hospital, and my colleagues in 
charge of the emergency room, Drs, A. Z. Howard, B. R. 
Richey, J. R. Brown, and A. Finch, for their co-operation 
in allowing me to see and treat the majority of these pa- 
tients, 
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HE increasing hazards of civil life lead 
each year to an increasing number of 
severe accidents. Injuries to the ure- 
thra are no exception to this statement; 

once relatively rare traumatic lesions, they are 
now seen with sufficient frequency to necessitate 
detailed consideration. This is particularly im- 
portant inasmuch as urethral injuries are usually 
caused by fractures of the pelvic bones and by 
“straddle injuries” to the perineum, lesions which 
often bring patients to surgeons not especially 
concerned with conditions of the genito-urinary 
system. It seems appropriate, therefore, to con- 
sider in a journal of general circulation a group of 
patients with rupture of the urethra at various 
levels and to discuss the treatment with particular 
reference to those lesions accompanying fractures 
of the pelvis. 

This paper is based on a series of 21 instances of 
rupture of the urethra treated in the Peter Bent 
Brigham Hospital. Of these 21 cases 12 involved 
the bulbous urethra and 9 the membranous ure- 
thra. All 9 patients who sustained rupture of the 
membranous urethra suffered this injury as a 
result of fracture of the pelvis. They presented 
far more complicated problems in diagnosis and 
treatment than the other group. It is natural 
that in the literature on this subject there has 
been particular emphasis on the management of 
visceral injuries, which are more obvious but not 
always more significant than the injury to the 
urethra and to the pelvic bones. Attention has 
been directed primarily to immediate life-saving 
measures, and little has been said regarding the 
prolonged postoperative and convalescent care of 
these patients. There is especially lacking a con- 
sideration of the simultaneous treatment of injury 
of the urinary tract and fractures of the pelvic 
bones. In a group of 160 patients with fracture of 
the pelvis, there were 9 patients whose fractures 
were complicated by rupture of the membranous 
urethra, only 4 who had rupture of the bladder. 
In our experience patients with rupture of the 
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membranous urethra are extremely difficult to 
manage, both from the standpoint of control of 
infection and of maintenance of a satisfactory 
position of the pelvic girdle. Although we have 
made free use of the available literature on vari- 
ous phases of rupture of the urethra, our methods 
have been worked out largely independently, ac- 
cording to the requirements of the individual case. 
The literature on the subject is cited in the refer- 
ences at the end of this paper. A detailed review 
seems out of place in the present communication. 

Fractures of the pelvic bones which are likely 
to be accompanied by urethral injury are pro- 
duced by various crushing forces; the mechanism 
of injury is the lateral compression of the pelvic 
girdle, which causes collapse of the pubic and 
ischial arches and often fracture of the sacrum as 
well. The fragments (Fig. 1) of pubic and ischial 
rami are displaced medially, posteriorly, and 
downward, tearing the triangular ligament and 
its enclosed structures, notably the membranous 
urethra, pudendal vessels, and the voluntary 
sphincteric muscle. Fragments of pubis or ischi- 
um may be driven into the bladder, tearing its 
wall either anteriorly or inferiorly, lateral to the 
trigone and usually outside the peritoneal sac. 
However, intraperitoneal rupture of the full 
bladder may occur as a result of the same forces 
that cause the fracture of the pelvis. 

When a patient has sustained a crushing injury 
to the bony pelvis, the immediate problem is to 
determine the extent of internal injuries at the 
same time that energetic measures are being insti- 
tuted to combat shock. The intense pain re- 
quires repeated administration of morphine pro- 
vided there is no cranial injury. Temporary 
immobilization of the pelvis and extremities on a 
Bradford frame with the aid of sandbags is im- 
perative; failure to do this increases shock. A 
support under the knees for slight flexion of the 
thighs lessens pain by relieving muscle spasm. 
Besides the usual chart of blood pressure, pulse 
and respiratory rates, repeated hematocrit and 
specific gravity studies of the blood are helpful in 
guiding the administration of parenteral fluids. 
Investigation of the urinary tract should be de- 
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Fig. 1. Roentgenogram of pelvis and diagram to show fractures of pubis, ischium, 
and sacrum caused by cave-in of a gravel bank upon a man aged 23 years, which re- 
sulted in complete rupture of the membranous urethra and laceration of pudendal ves- 
sels. There was extensive retrovesical and retroperitoneal hemorrhage which extended 
up between the leaves of the mesentery and interfered with the circulation to the 
bowel. Abdominal exploration and suprapubic cystotomy were performed, and 11 
months later plastic repair of the urethra was successful. 


layed until the patient is seen by the surgeon who 
will have charge of his case. Enthusiastic instru- 
mentation in the emergency room has often been 
misguided, and better evaluation is obtained after 
prompt transfer to the surgical ward. 

Even in patients with fractures of the pelvis 
without injury to the urinary tract, inability to 
void at the time of admission is common since 
both shock and pain inhibit micturition. It may 
be difficult to elicit evidence of an injury to the 
urethra until some time has elapsed. The patient 
may have emptied the bladder a short time prior 
to the accident. It is also true that the hemocon- 
centration resulting from shock diminishes renal 
excretion. The presence of blood at the external 
urethral meatus contributes evidence of ruptured 
urethra. 

After these preliminary considerations one may 
proceed with further details of examination. In- 
traperitoneal hemorrhage or urinary extravasa- 
tion from rupture of the bladder causes diffuse 
abdominal tenderness and rigidity. The former is 
attended by signs of profound shock, which usu- 
ally progresses rapidly and responds poorly to 
supportive measures. Extraperitoneal extravasa- 
tion of blood and urine produces lower abdominal 
pain, tenderness, and muscle spasm. If the blad- 
der is intact and the membranous urethra rup- 
tured, the former may be palpated as a symmetri- 
cal rounded mass rising up out of the pelvis in the 
midline. When the bladder is ruptured, that or- 
gan will not be palpable. There may be, however, 
a mass in the suprapubic region or in an inguinal 
region as a result of extravesical urinary extrava- 
sation. A deformity of the pubic bone may be 
palpated, and gentle examination may elicit 


crepitus. Tenderness over the sacro-iliac joints 
is due to the fracture itself, not to its complica- 
tions. Paralyses, anesthesias, paresthesias, and 
severe radiating pains in the extremities may 
result from injury of sacral nerve trunks. 
Careful rectal examination is of utmost im- 
portance in diagnosis. If the prostate gland is not 
palpable and the rectum is felt slightly com- 


Fig. 2. Diagrammatic sagittal section showing bladder 
and prostate separated as a unit from the urethra by lacer- 
ation of its membranous portion and the urogenital dia- 
phragm. Note the retrovesical hematoma and extravasa- 
tion of blood and urine up into the prevesical space. The 
intrinsic vesical sphincter closes after such an injury and 
clear urine is usually found in the bladder at operation if 
that organ itself has not been injured. This diagram repre- 
sents the findings at operation in 3 of our cases and is very 
similar to the condition described originally by Young. 
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Fig. 3. Roentgenogram of the pelvis of a man aged 22 
years made with the portable unit while shock was being 
combatted. The indwelling urethral catheter does not 
reach the bladder but goes off to one side in the ischiorectal 
fossa from which it drained 500 cubic centimeters of bloody 
fluid during the course of 2 hours. At operation the mem- 
branous urethra was found to have been completely 
severed; the bladder was intact and contained 500 cubic 
centimeters of clear urine. Immediate restoration of the 
continuity of the urethra was accomplished (see Fig. 5). 


pressed by a soft mass in the pelvis, a complete 
rupture of the membranous urethra is certain. It 
indicates that the prostate and bladder have been 
torn from their attachments and displaced up- 
ward as a unit by the retrovesical hematoma 
(Fig. 2). 

Hemorrhage and urinary extravasation may 
cause both swelling and discoloration of the 
perineum. The location and nature of such extra- 
vasations is of considerable diagnostic impor- 
tance. At times these signs do not appear for 
several hours, and repeated examination must be 
made for them. Following rupture of the mem- 
branous urethra the perineal mass appears later 
and is likely to become diffuse. If the swelling and 
discoloration appear immediately and are con- 
fined wholly or in large part to one side of the 
perineum, the rupture has probably occurred in 
the bulbous rather than the membranous urethra. 
The presence of a mass in the suprapubic region 
or inguinal region indicates either a rupture of the 
membranous urethra and urogenital diaphragm, 
or of the anterior wall of the bladder. When the 
two layers of the urogenital diaphragm are torn, 
hemorrhage from the pudendal vessels and urine 
from the urethra is permitted to escape freely into 
the perineal tissues, periprostatic spaces, and 
directly up into the prevesical space. 

A catheter may be passed, but complete uro- 
logical investigation is not necessary in every pa- 
tient who cannot void after an accident, especially 
in the presence of a negative roentgenogram, as 


Fig. 4. Roentgenogram of pelvis and hips of man aged 
45 years who fell a distance of 40 feet landing on his left 
side. There are fractures of left pubis, ilium, sacrum, and 
neck of the femur. There is no visible displacement that 
would injure urethra or bladder. One can discern a sym- 
metrical rounded shadow in the pelvis which is probably 
a full bladder. The patient was not catheterized, and 6 
hours after injury, after relief of pain and shock, he voided 
500 cubic centimeters of normal urine. 


will be discussed. If the catheter seems to be in 
the bladder, it should be left in place for the pres- 
ent. In general, irrigation should be assiduously 
avoided; Keyes mentions it only in condemna- 
tion, and our experience confirms this teaching. 
At times it may be justifiable gently to irrigate the 
catheter with about an ounce of saline or boric acid 
solution in order to insure its patency and freedom 
from obstruction by clotted blood. There may be 
difficulty interpreting observations made during 
the passage of the catheter since it is sometimes 
uncertain whether the catheter is actually in the 
bladder, and also whether the primary injury is 
to the bladder or urethra. It is usually impossible 
to pass a catheter into the bladder when the mem- 
branous urethra is ruptured. In this case the 
catheter may pass into the prevesical space or 
ischiorectal fossa. Withdrawal of bloody fluid 
may lead the surgeon to believe that not only is 
the catheter in the bladder but that the bladder 
itself is ruptured. In the passage of the catheter, 
it must always be remembered that a partial 
rupture of either the bladder or the urethra 
may be converted into a complete rupture by 
careless or unduly forceful instrumentation. 
Powers and Smith have emphasized the value 
of suprapubic cystotomy and retrograde instru- 
mentation of the urethra. They used the latter 
maneuver to discover whether the instruments 
passed through the urethra emerged through the 
internal orifice or whether they passed off into a 
false passage before reaching the bladder. They 
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suggest removing the urethral tube in 12 to 14 
days and leaving a filiform in place to act as a 
splint. The length of time suitable to have the 
urethral catheter in place is arbitrary and varies 
in different cases. We have left such a tube in 
place as long as 6 weeks. Also, we use the urethral 
catheter as a source of drainage of the bladder 
and believe that this protects the site of rupture 
from urinary leakage. If the catheter causes a 
purulent urethritis and systemic reaction, it 
should be immediately removed, and a silk thread 
attached to the abdominal wall, left in the urethra, 
to act as a splint. 

A portable roentgenogram of the pelvis is of 
great importance in determining the extent and 
character of the injury. It serves to indicate not 
only the type of fracture present, but also whether 
the catheter, previously inserted, follows the 
course of the urethra into the bladder or whether 
it veers into the perineum as happened in one of 
our cases (Fig. 3). In determining the position of 
the catheter, the surgeon may correlate these 
findings with rectal palpation. The roentgeno- 
gram may give valuable aid in ruling out rupture 
of the urethra, for it may show multiple fractures 
of the pelvis without such displacement of any 
fragment as to cause injury of either urethra or 
bladder. Also, such a film may show the rounded 
symmetrical shadow of an intact full bladder (Fig. 
4). Expectant treatment in such cases is desirable 
and voiding will often take place normally once 
pain has been relieved by sedation and proper 
immobilization of the pelvis and extremities. The 
once prevalent teaching, that every such patient 
should be immediately catheterized, is not now 
tenable. 

Cystoscopic examination of patients who have 
sustained violent trauma is obviously contra- 
indicated. Immediate excretory urography is not 
an appropriate procedure for the patient in shock 
but may be helpful later, particularly when renal 
injury is suspected in addition to the trauma to 
the urinary passages. The use of the urethro- 
gram should be delayed usually for 3 to 6 weeks 
alter trauma. At the end of that interval it is 
advisable to use this method to determine the 
state of the urethra after regeneration has taken 
place. It is conceivable that rupture of the ure- 
thra may be ruled out early in mild doubtful cases 
by means of this procedure. 

For rupture of the urethra at or above the tri- 
angular ligament, suprapubic cystotomy should 
invariably be performed. At operation all blood 
and urine are aspirated from the prevesical space. 
The bony fragments are elevated from the lacer- 
a'ed urethra. Simultaneous manipulation of the 
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Fig. 5. Diagrammatic representation of operative man- 
ipulation in which the right index finger is passing into the 
bladder outlet in order to thread it over the end of sound 
in the distal end of ruptured portion of urethra. 


lower extremities by an assistant may facilitate 
this maneuver. The bladder is opened and ex- 
amined for evidence of injury. A sound is passed 
through the penile urethra and guided in its 
passage to the displaced prostatic urethra by the 
index finger of the right hand placed in the orifice 
of the vesical outlet (Fig. 5). The end of a cathe- 
ter is inserted over the end of the sound in the 
bladder and drawn in a retrograde manner 
through the urethra, thus re-establishing its con- 
tinuity. A silk suture is passed through the proxi- 
mal end of the catheter in the bladder and its end 
attached to the abdominal wall. A drain is left in 
the prevesical space and the bladder closed with 
a de Pezzer catheter in place. The patient’s legs 
are then flexed in slight abduction and perineal 
section performed quickly to establish drainage of 
blood and urine accumulated in the perineum. 
Immediately after operation the patient should 
be immobilized on a Bradford frame and the re- 
gion of the sacrum and buttocks protected by a 
sponge rubber pad. Further immobilization of 
the pelvis and more satisfactory alinement of the 
fragments of the bones may be obtained by a 
Russell type of traction applied to both legs. By 
regulating the weights for traction on each ex- 
tremity according to the deformity present, struc- 
tural defects can be corrected and further distor- 
tion prevented. This method permits support of 
the thighs and longitudinal traction simultane- 
ously, thus allowing the extremities to swing free 
without exerting an undesirable drag on the pel- 
vis. The excellent results obtained by this method 
of treatment are well shown in Figure 6. In sev- 
eral days, as soon as the patient’s general condi- 
tion permits, anterior and posterior body shells of 
plaster should be made to allow turning to avoid 
decubitus ulcer. Prevesical drainage is facilitated 
when the patient is placed so that he is lying on 
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Fig. 6, left. Roentgenogram of pelvis 3 months after fractures of pubis, ischia, and 
sacrum accompanied by rupture of urethra. Note only slight narrowing of pelvis and 
good horizontal alinement of acetabular and iliac crests. The patient obtained also 
an excellent functional result and was walking with support of crutches at this time. 


Contrast with Figure 7. 


Fig. 7. Roentgenogram of the pelvis 3 months after fractures of the pelvis which 
originally appeared as in Figure 1. Note the undesirable results, namely a narrow, 
heart-shaped pelvis, poor alinement of level of acetabula and ilia, medial collapse of 
pubic arch, and rotation of entire right side of pelvis. The functional result is not 
good; the patient walks with difficulty, there is marked genu valgus, and he suffers 
constantly with low back pain. This is a common result from use of the pelvic sling. 


Contrast with Figure 6. 


his abdomen. However, extreme edema of the 
penis and scrotum may be anticipated if the pa- 
tient is left in this position more than a few hours. 


Frequent change of position is required if the 
edema becomes severe. Physiotherapy is impera- 
tive early in the course of treatment to lessen 
muscle atrophy. The prevention of permanent 
abnormality of gait and posture is a major con- 
sideration sometimes overlooked in the early care 
of these patients. We have not obtained good re- 
sults with the pelvic sling. Patients treated in 
this way are often left with a narrow “heart- 
shaped” pelvis which causes more disability than 
is the case when the pelvis is too wide (Fig. 7). 
Fragments of pubic bones may become infected, 
and are sometimes extruded spontaneously. 

Decubitus ulcer is a common complication that 
assumes grave importance if not anticipated and 
treated promptly. For a completely successful 
result these complications must be prevented by 
early recognition and treatment at the same time 
that restoration of the urinary tract is under- 
taken. 

At an appropriate time, several weeks after 
operation, the urethral catheter is removed. The 
suture attached to its vesical end is drawn down 
through the urethra, and its other end is left 
attached to the abdominal wall by way of the 
bladder and suprapubic sinus. The urethra is 


then filled with radio-opaque material and an 
exposure is made with the portable roentgeno- 
graphic unit (Fig. 8). If there is no extravasation 
of the opaque fluid, the catheter is not replaced, 
but the silk thread is retained as a guide for the 
passage of instruments. When the surgeon is cer- 
tain that the urethra is healed and has an ade- 
quate lumen, the suprapubic catheter may be 
removed; the fistula is allowed to close, and mic- 
turition then takes place through the urethra. At 
this time there is the greatest danger of the ap- 
pearance of acute pyelonephritis as a complica- 
tion. Frequent cultures of the urine are made and 
appropriate chemotherapy instituted if infection 
is detected. Calibration of the urethra is carried 
out twice a week; dilatation is made slowly in 
order to minimize the extent of periurethral fibro- 
sis. The development of some degree of urethral 
stricture is inevitable in all of these patients. Post- 
traumatic strictures are more difficult to manage 
than those of infectious or congenital origin. The 
degree of constriction may vary but in any event 
must be checked at intervals throughout the rest 
of the patients’ lives. A serious predicament re- 
sults when they are neglected and allowed to con- 
tract. This is well illustrated in Figure g, a ure- 
throgram of a patient who, after 10 years of suc- 
cessful treatment, allowed his condition to be 
neglected for 3 years. It is now impossible to ob- 
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Fig. 8, left. Roentgenogram of pelvis, urethra being filled with skiodan 6 weeks after complete 
rupture as shown in Figure 2. Complete regeneration has occurred, and there is no evidence of extrav- 
asation. The opaque fluid has passed into the bladder. A suprapubic catheter remains in place in the 


bladder. 


Fig. 9. Roentgenogram of pelvis and urethrogram on patient 20 years after fractures of pelvis and 
rupture of urethra. Neglect of dilatation of urethra for 3 years has resulted in dense stricture that 
markedly narrows lumen of posterior urethra. Note fragments of bone displaced down into thigh. The 
small, round, opaque shadows in the pelvis lie outside of the urinary tract and are probably phleboliths. 


tain a urethral lumen larger than No. 18 French 
in this patient, and even this can be maintained 
only by frequent dilatation. He has a consider- 


able degree of hydronephrosis and hydro-ureter as 
a result of the long neglect. Technically, a sur- 
geon undertaking the dilatation of a stricture 
resulting from trauma must use extreme caution 
and delicacy in his manipulation. The patient’s 
reaction is an excellent index of the efficiency of 
instrumentation. If instrumentation is painful, 
he will not return, and, if he is wise, will go else- 
where for treatment. The slightest sign of blood 
also is a danger signal, compelling cessation of 
treatment for that day. Distention of the urethra 
with a lubricant such as mineral oil, or a mixture 
of nupercaine and lubricating jelly prior to instru- 
mentation greatly facilitates the passage of instru- 
ments. 

The seriousness of rupture of the membranous 
urethra is emphasized by the end-results in a series 
like the present. In this series, patients have been 
under the care of the genito-urinary surgeon from 
the time of admission to the hospital, yet the re- 
sults, especially when entrance to the hospital 
has been delayed, have not been brilliant. Two 
of the patients who sustained rupture of the 
membranous urethra died ‘on the day of injury 
as a result of shock from extensive internal in- 
juries. It is apparent in retrospect that in 


neither instance was shock combatted adequately 
according to the modern concept of treatment. 
Three of the patients having rupture of the blad- 
der died within a week as a result of extensive 
injuries and infection. The other patient, a wom- 
an aged 69 years, died 2 months later of broncho- 
pneumonia and renal sepsis. Suprapubic cysto- 
tomy and suture of the vesical rupture were 
carried out in each of these cases, but only one 
was brought to the hospital on the day of injury. 
A mortality rate as low as 20 per cent has been 
reported for those cases in which treatment began 
within 12 hours after injury. After that period of 
delay, however, the mortality leaps to 85 to go 
per cent. 

Four of the patients having rupture of the 
membranous urethra were treated by combined 
suprapubic cystotomy and perineal drainage. In 
one instance the continuity of the urethra was 
immediately restored. In another, suprapubic cys- 
totomy was performed initially and 1 month 
later successful anastomosis of the urethra was 
made. Suprapubic cystotomy and perineal drain- 
age were established in 2 patients; plastic repair 
of the urethra was performed 8 and 11 months 
later, respectively. In another case, a boy aged 7, 
cystotomy was performed in another hospital and 
urethroplasty attempted here g months later 
without success (Fig. 10). There was a mass of 
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Fig. 10, left. Oblique urethrogram of boy aged 6 who had sustained 
complete rupture of the membranous urethra and fracture of the pelvis 
9 months previously. Note the extreme irregularity of the canal and 
particularly the obliteration of the channel at the vesical juncture. 
Two false passages are apparent, probably occurring from instrumen- 
tation. Attempts at plastic repair were unsuccessful owing to dense 


cicatricial tissue. 


Fig. 11. Intravenous urogram 2 years after ureteral transplantation 
into the bowel and total cystectomy. The patient is quite well 6 years 


later. 


cicatricial tissue 5 centimeters in thickness be- 
tween the urethra and bladder. Two operative 
attempts to establish a patent canal through to 
the bladder were unsuccessful. This patient illus- 
trates the error of suprapubic drainage without 
immediate regard for restoring the continuity of 


the urethra, or perineal drainage if this is im- 


possible. Finally, ureteral transplantation into 
the bowel and total cystectomy were performed. 
The patient is entirely well today, 6 years later 
(Fig. 11). The results (Fig. 12) in these cases 
show that original perineal drainage diminishes 
the hazard of infection and proliferation of fibrous 
tissue which so often makes subsequent attempts 
at plastic repair of the urethra almost impossible. 
If initial restoration of the continuity of the 
urethra by catheter or suture is possible, secon- 
dary operation is avoided altogether. 

The results at other clinics emphasize, as do 
our own, the seriousness of these injuries. A 
series of 30 instances of rupture of the urethra 
were reported from the Massachusetts General 
Hospital by Smith and Mintz. Thirteen of these 
were sustained in conjunction with fractures of 
the pelvis; 9 of these patients died. In 3 cases, 
death occurred within 24 hours as a result of 
shock and other injuries. Three patients died 
much later as a result of sepsis in and about the 
urinary tract. The 3 others died later of complica- 
tions not directly related to the urinary tract. Of 
the 4 patients who lived, 1 had no operation but 
was drained by urethral catheter for 16 days; re- 


covery ensued in another, 31 days after suprapubic 
cystotomy and retrograde catheterization; 1 pa- 
tient was successfully treated by combined cys- 
totomy and perineal section; only cystotomy was 
performed for 1 patient who was discharged from 
the hospital bearing a suprapubic tube 7 weeks 
later. There were 17 patients having rupture of 
the bulbous urethra without fracture of the pelvis, 
only 1 of whom died. 

Culver reported a mortality of 22 per cent in a 
series of 18 patients having fractured pelvis and 
ruptured urethra. Fourteen patients with strad- 
dle injuries as the cause of rupture of the urethra 
all recovered. External urethrotomy was per- 
formed in 10 cases, combined in 7 with supra- 
pubic cystotomy and retrograde catheterization 
of the bladder. Four patients were treated con- 
servatively with good results. His experience 
showed that, after hemorrhage and urinary re- 
tention have been cared for, local sepsis in the 
perineum causes longstanding urinary fistulas and 
subsequent stricture formation. Proper early sur- 
gical management minimizes local infection. 
Three patients had long periods of hospitalization 
and some permanent impairment of function be- 
cause of failure to restore the continuity of the 
urethra at the same time that suprapubic cys- 
totomy was performed. Later management of 
these patients consisted of measures to combat 
urinary infection and to dilate the urethra. It 
was pointed out that straddle injuries usually 
occur below the urogenital diaphragm and require 
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Fig. 12. Anteroposterior and lateral views. Combined urethrogram and 
cystogram made 3 months after fracture of pelvis and rupture of urethra show- 
ing wide separation of proximal end of urethra and bladder outlet. Dense cica- 
tricial tissue has obliterated the posterior urethra as result of failure to restore 
its continuity at the time of cystotomy. The impingement of the displaced frag- 
ments of pubis and ischium on the position of the posterior urethra is graphi- 
cally shown. Successful anastomosis of urethra to bladder was made 11 months 


after injury. 


only perineal operation. Urethral injuries by pel- 
vic fracture occur in and above the diaphragm 
and require suprapubic operation. We agree 
with this opinion but feel that, in addition, peri- 


neal drainage in these cases lessens local sepsis. A 
satisfactory lithotomy position is difficult to ob- 
tain and unwise for a patient who has recently 
sustained fracture of the pelvis. This we believe 
to be a contra-indication to primary suture of the 
urethra by way of the perineum in most cases of 
fracture of the pelvis. Young has accomplished 
the brilliant feat of successfully performing this 
operation on one patient in the home. 

This paper has thus far discussed the symptoms 
and treatment of ruptures of the membranous 
urethra, especially those accompanying fractures 
of the pelvic bones. Many of the considerations 
in regard to treatment, however, such as those 
concerning stricture as a result of the rupture of 
the urethra, are applicable to injuries at any level 
of this passage. 

In the present series of 21 instances of rupture 
of the urethra, there were 12 cases in which the 
lesion was in the bulbous urethra as against 9 in 
the membranous portion. Rupture of the bulbous 
urethra is usually a less serious condition than a 
corresponding injury to the membranous urethra. 
This is shown not only in the present series but 
also by other series in the literature, such as that 
of Smith and Mintz. As suggested by the ana- 


tomical location, the bulbous urethra is usually 
ruptured, not as the result of fracture of the pelvic 
bones, but from a variety of sources of trauma. 
Such injuries may be the result of falls astride 
sharp objects (4 patients in our series); faulty 
instrumentation of the urethra by the surgeon (3 
instances); and also self-inflicted injury as the 
result of insertion of foreign bodies in the urethra 
(5 patients). 

Three of the patients having rupture of the 
bulbous urethra received drainage of the bladder 
by means of a urethral catheter. Later, incision 
and drainage of peri-urethral abscess was neces- 
sary in 2 of these cases. Each of the 3 patients 
was in the hospital for 14 days, and since then 
regular treatment for urethral stricture has been 
necessary. External urethrotomy was performed 
upon 3 patients in this group. Two were well 2 
weeks after injury, and 1 died the day after 
operation. The latter patient, a man aged 52 
years, suffered an instrumental perforation of the 
urethra 1 week before admission to the hospital. 
In 6 days urinary extravasation and infection had 
caused gangrene of the perineum. Also there was 
noted total retention of urine when he was first 
seen. Immediate perineal drainage was estab- 
lished, and death took place within 36 hours. 
This case is a good illustration of the grave con- 
sequences which follow neglect of the presence 
of extravasated urine. 
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Fig. 13, left. Roentgenogram of the pelvis showing the shadow of a glass stirring rod 
which was introduced into the urethra and spontaneously passed into the bladder. Its 
distal end was buried in the urethral bulb and was palpable in the perineum. 

Fig. 14. Urethrogram 3 weeks after urethrotomy to remove stirring rod from urethra 
and bladder. This shows the promptness of healing without stricture when the urethra 
is opened and closed surgically in the absence of urinary extravasation. 


Five injuries of the bulbous and penile urethra 
by foreign bodies have been treated. There was 
perforation of the urethra by sharp hair pins in 
2 cases. Two sharp pointed pencils and a glass 
stirring rod, found in the 3 other patients, were so 
imbedded in the mucous membrane of the bulbous 
urethra that removal without operation was im- 


possible. External urethrotomy was performed 
in each instance, and the successful removal of 
the intact foreign body accomplished. The pencils 
and the stirring rod (Fig. 13) had each passed into 
the bladder, and the distal end of each could be 
palpated at the point of protrusion into the ure- 
thral bulb. One patient whose urethra was per- 
forated by a hair pin developed a peri-urethral 
abscess. A primary closure of the urethra was 
made in the 4 other cases, and urination was nor- 
mal at the end of 1 week. An indwelling urethral 
catheter was required after operation in only 1 
of these patients. His temperature rose to 104 
degrees the day after operation but returned to 
normal in 2 days; the catheter was removed after 
6 days. The perineal wound healed by primary 
intention, and a urethrogram 2 weeks later showed 
no evidence of stricture (Fig. 14). At the end 
of 2 months no stricture was found when the ure- 
thra was calibrated. 

If it is determined that a patient has a rupture 
of the bulbous urethra, immediate perineal sec- 
tion is indicated for control of hemorrhage and 
urinary extravasation. The use of an inlying 
urethral catheter alone will not usually suffice 
as peri-urethral abscess will always develop in the 


presence of urine in the tissues outside the urethra, 
because extravasation interferes with local circu- 
lation and causes necrosis and infection. Primary 
closure of the urethra over an inlying catheter 
may be carried out but not without increasing 
the hazard of infection. It is our experience that 
an external urethrotomy wound that is left open 
to drain freely will heal quickly once infection in 
the periurethral tissues is controlled. This 
method has the merit of safety without unduly 
prolonged hospitalization. 


SUMMARY 


The methods used in the treatment of 21 pa- 
tients having injury of the urethra have been pre- 
sented. Twelve of these had injury of the bulbous 
urethra. Nine patients had rupture of the mem- 
branous urethra as a result of fractures of the 
pelvic bones. 

Certain points in physical examination and 
roentgenographic findings that are diagnostic aids 
have been described. The best results for rupture 
of the bulbous urethra have been obtained by im- 
mediate external urethrotomy, whereas the op- 
erative management of rupture of the membran- 
ous urethra consists of a combined suprapubic 
and perineal approach, particularly when ac- 
companied by fracture of the pubis and ischium. 
The important details of simultaneous treatment 
of the fractures of the pelvic bones have been em- 
phasized. The methods that we have found to 
give the best results in each type of injury have 
been outlined. 
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TRANSUMBILICAL REPAIR OF CONGENITAL 
UMBILICAL HERNIA 


JAMES B. BLODGETT, M.D., Boston, Massachusetts 


N operative technique is described for the 
repair of umbilical hernia in children 
without the production of a noticeable 
defect. 

Small congenital umbilical hernias usually dis- 
appear before the age of 3 years. This may occur 
spontaneously or with the assistance of abdominal 
strapping. The condition is usually asymptomatic 
although the child may complain of fleeting peri- 
umbilical pains. The complaint of the parent is 
that the unsightly bulge involving the umbilicus 
has not diminished or may be increasing in size. 
The operation for which this technique is applic- 
able is done only when the hernia is increasing in 
size or is giving symptoms. 


REQUIREMENTS OF OPERATION 


The surgical repair of congenital umbilical 
hernia requires the excision of the hernial sac and 
closure of the fascial ring. It seemed desirable 
to do this with an inconspicuous scar. An at- 
tempt was made, therefore, to carry out the repair 
by means of a transumbilical approach so planned 
that at the end of the procedure the scar would fall 
within the cutaneous ring of the umbilicus itself 
and therefore, would be essentially invisible. 
Fourteen patients have been operated upon with 
this technique at the Children’s Hospital. We 
have found that the fascial ring can be well 
closed and that the recti may be united for several 
centimeters above and below the umbilicus and 
that the postoperative result is satisfactory. 


OPERATIVE PROCEDURE 


The umbilicus is cleansed with soap and water 
prior to the application of the usual skin antisep- 
tic. A “weak” Allis clamp or small double hook 
is placed on the central portion of the umbilical 
skin for traction. The umbilicus is everted, and 
the line of incision is scratched or marked with 
dye on the skin of the upper portion of the 
hernia. The scratch is made as a convex upward 
semicircle, so arranged that as the umbilicus is 
inverted, the mark lies just within the umbilical 
cutaneous ring (Fig. 1). The upper portion of 
the umbilical skin is chosen for incision to allow 


From the Department of Surgery, Harvard Medical School, 
and the Children’s Hospital. 


easier access for closure of the diastasis recti which 
is more commonly found above than below the 
hernial ring. The umbilicus is everted and the 
skin incised with a small blade down to the 
cleavage plane between the skin and the fascial 
covering of the hernial sac. Over the sac and in 
the region of the diastasis there is very little fat 
in the areolar tissue of this plane. The plane 
is developed by scissors dissection upward along 
the surface of the inter-rectus fascia and laterally 
as far as the medial edges of the rectus muscles. 
In this manner, the hernial sac becomes apparent. 
The dissection should be kept close to the inter- 
rectus fascia to prevent cutting into the vascular 
fatty panniculus overlying the anterior rectus 
fascia. Development of the rectus fascia below the 
hernia is permitted by cutting off the top of the 
sac, which is attached to the central portion of the 
umbilical skin. The plane between the skin and 
superficial fascia investing the inferior surface 
of the sac is thus opened for dissection (Fig. 1, 
a to e). The Allis clamp may now be removed and 
the skin flap of the umbilicus folded back out of 
the field. 

Hemostats are applied to the margins of the 
open sac for traction. The anterior rectus fascia 
should be cleared for 3 or 4 millimeters lateral to 
the medial edges of the rectus muscles upward 
and downward to the point where the rectus mus- 
cles meet in the midline. The skin incision may 
be displaced by proper retraction to facilitate the 
dissection. It is important to locate the position 
of the medial edges of the rectus muscles beneath 
the fascia so that they may be properly brought 
together in the midline. The medial edges of the 
muscles beneath the anterior rectus fascia are 
identified (1) by the somewhat grayer color im- 
parted to the anterior fascia by the muscle tissue 
beneath; (2) by the perforating vessels which 
appear through the anterior fascia approximately 
at the medial edges of the muscles just above and 
below the umbilicus; (3) by the appearance of the 
edges of the recti, which on elevation and depres- 
sion of the inter-rectus fascia, seem to be relatively 
tense lateral bands in the loose inter-rectus fascia. 

After the fascia has been thoroughly exposed, 
the hernial sac is trimmed off to leave a collar o! 
about 3 to 4 millimeters in width. The neck of the 
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BLODGETT: TRANSUMBILICAL 


Fig. 1. a, The line of incision 
is marked on the inverted um- 
bilicus to fall just within the cu- 
taneous umbilical ring. (In this 
figure the size of the umbilicus 
has been somewhat exaggerated. 
The appearance of the usual type 
of short, supra-umbilical diastasis 
recti is well shown.) b, Dissec- 
tion upward of cleavage plane be- 
tween skin and fascia of hernial 
sac. c, Lateral dissection close to 
the fascia, approaching the fascia 
overlying the medial edge of rec- 
tus. d, Hernial sac opened by di- 
viding fascia and peritoneum on 
superior surface of sac. See dotted 
line. e, Top of sac folded back 
on “hinge” which is cut from 
within outward. f, Anterior rec- 
tus fascia and inter-rectus fascia 
cleared inferiorly and laterally. 
Umbilical skin held back by snap 
applied to remnant of peritoneum. 
g, Dissection on surface of fascia 
carried laterally just beyond me- 
dial edges of recti. (In this and 
subsequent figures, the appear- 
ance of the recti beneath the an- 
terior rectus fascia has been ex- 
aggerated for the sake of clarity.) 
h, After fascial dissection, incision 
may be displaced several centi- 
meters to identify junction of 
medial edges of recti to allow com- 
plete repair of diastasis. (Skin 
opening has been enlarged in this 
figure for clarity.) i, Sac trimmed. 
j, Vertical closure of neck of her- 
nial sac by mattress sutures 
through fascia and peritoneum. 
k, Fascial ring closed. 1, Anterior 
rectus fascia and muscles united 
in midline by interrupted silk su- 
tures with buried knots. m, Rem- 
nant of peritoneal sac is removed 
from umbilical skin. n, Umbilicus 
tacked to rectus fascia. 0, Small 
interrupted sutures uniting skin 
edges within umbilical cutaneous 
ring. p, Diagram of transverse 
section of closure including gauze 
wad in umbilicus. (Spaces have 
been left anterior and posterior to 
recti to show suture placement.) 


hernial sac is closed in a longitudinal direction by 
uniting the lateral edges of the collar of the sac 
with mattress sutures reinforced with interrupted 
sutures of silk. These are so placed that the edges 
of the sac are everted and the peritoneum of 
either side is approximated (Fig. 1, j and k). 

The anterior rectus fascia and rectus muscles 
are now united in the midline from above down- 
ward by interrupted silk sutures with buried 
knots. The stitches are taken deeply enough to 
include a definite bite of the rectus muscle tissue. 
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If the diastasis is marked, this row of stitches 
should have been previously reinforced by a 
deeper row of horizontal mattress sutures uniting 
the inter-rectus fascia just medial to the edges of 
the recti. Closure of the diastasis is important 
because it increases the strength of the repair and 
prevents the possible development of a hernia 
just above the original defect. 

Before the skin is closed, attention is directed to 
the remaining portion of the hernial sac which is 
still attached to the skin of the umbilicus. The 
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Fig. 3. Pre-operative and postoperative photographs of relatively large umbilical hernia in two year old child. 


fragment of peritoneum is removed to preclude 
the possibility of fluid being secreted by peritoneal 
tissue buried beneath the umbilicus (Fig. 1, m). 
The umbilical skin is anchored to either side of 
the midline fascial approximation by two to four 
silk sutures so placed as to insure proper reposi- 


tion of the umbilicus. Fine interrupted silk 
sutures are used to unite the skin edges. It is 
found that when the umbilicus has been attached 
to the fascia, the skin incision is inverted within 
the umbilical cutaneous ring. 

A small roll of gauze is placed in the depression 
of the umbilicus to maintain the shape of the 
umbilicus and to promote adhesion of the umbili- 
cal skin to the fascia. A dry sterile dressing with 
wide adhesive tapes is applied. The sutures may 
be removed at the usual time without difficulty. 


Among 14 patients who have been operated 
upon with this technique there have been no 
wound infections or postoperative complications. 
Postoperative examinations have been made on 
the first 8 cases, 3 to 6 months following this pro- 
cedure. The results have been entirely satisfac- 
tory. Figures 2 and 3 show the preoperative and 
postoperative appearance of representative cases 
of umbilical hernias treated with this procedure. 


SUMMARY 


A technique has been presented for the repair 
of umbilical hernia in childhood. This procedure 
has been employed on 14 patients at the Chil- 
dren’s Hospital. In each instance, it has resulted 
in a satisfactory cure with a normal appearing 
umbilicus and an inconspicuous scar. 
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KIN metastases from carcinoma of the 
breast may be so disguised as to be mis- 
taken for postoperative inflammatory en- 
tities. A group referred to as having ery- 

sipelas-like characteristics is seldom identified 
correctly when first seen. The origin may be in 
the neighborhood of a mastectomy scar, and is 
marked by reddening and some edema of the skin, 
with a flaming, well demarcated, advancing bor- 
der. Histologically, the skin appears free from 
pathology except for metastatic permeation of the 
subpapillary vessels. There is no final agreement 
as to whether these vessels are capillaries or lym- 
phatics. We have studied two typical cases, both 
of which were mistaken for postoperative compli- 
cations. They were treated as such for séme 
months before the correct diagnosis was made. 
Available biopsy material subjected to serial sec- 
tioning clarified some mooted points. 

The resemblance of certain metastatic lesions 
to erysipelas was noted by Unna. It was not 
until 1924, however, that the condition was given 
a specific name. Kuettner, describing such a dis- 
order, called it “‘erysipelas carcinomatosa.” He 
believed the metastatic process involved the su- 
perficial blood vessels. In the same year, Lee and 
Tannenbaum reported 28 cases of what they 
called ‘‘inflammatory carcinoma” of the breast, 
some of which resembled erysipelas and undoubt- 
edly fall into this group. In spite of the wide vari- 
ations in the pathological findings of the primary 
neoplasm, the inflammatory aspect was con- 
sidered a distinct clinical phase, with diffuse lym- 
phatic metastases as the most manifest patho- 
logical feature. Venules, likewise, were thought 
to be involved. In 1928 Ruder differentiated the 
condition from Paget’s disease by its subepider- 
mal rather than its intra-epidermal metastatic 
extension. He called the involved channels blood 
vessels. Rasch in 1931 considered the name “ery- 
sipelas carcinomatosa” unfortunate, since the 
condition is primarily cancerous. He therefore 
proposed the name “carcinoma erysipelatodes,” 
and differentiated it from cancer encuirasse, as 
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CARCINOMA ERYSIPELATODES 
Subepidermal Lymphatic Metastases Confused with Operative Sequelae 
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did Kuettner, by its lack of scleroderma-like skin 
and by its propagation in what he felt were blood 
vessels. Barber presented a case of Paget’s disease 
which had an erysipelas-like discoloration of the 
chest wall. The metastatic propagation was 
thought to be in blood vessels. In 1933 Weber 
(13) chose the name “telangiectatic carcinoma,” 
because a case noted by him did not resemble 
erysipelas. Sections taken from a spreading area 
revealed an enormous dilatation of what were ap- 
parently cutaneous capillaries, in which were 
found cancer cells. Some of the vessels which did 
not contain red cells might have been lymphatics. 
Shortly afterward, von Vonno described a similar 
case as ‘“‘carcinoma telangiectaticum.’”’ Weber 
(14) believed that the condition deserved a special 
niche in clinical medicine, and that it could be 
found in association with Paget’s disease or cancer 
encuirasse. He stated that it spread mainly by 
way of blood vessels, although lymphatics and 
tissue spaces could be involved. 

On the other hand, Pfahler and Case described 
the process as extending largely through the 
lymphatics and only rarely through blood vessels. 
They had noted and indexed 15 cases as “ malig- 
nant lymphangitis,” but changed the name to 
“erysipelas carcinomatosa” to conform with 
those previously reported in the literature. They 
emphasized the frequency with which it was mis- 
taken for radiodermatitis or radiotelangiectasis. 
Case discussed the histopathological picture as 
being similar to that reported in the literature, 
with the exception that the marked capillary dila- 
tation and predominance of blood vessel invasion 
were not found. The malignant cells appeared in 
the lymphatics or tissue spaces. This, he stated, 
was in agreement with the findings of many in- 
vestigators, including Fischer, Brackertz, Mandl, 
Durst, Delbanco, Cemjachowsky, and Bondarcuk 
(3) who were of the opinion that the tumor cells 
spread by way of the lymphatics. Rotter studied 
4 cases, 1 of which was in a male. After careful 
histological scrutiny he decided that only lym- 
phatics were involved. Freeman and Lynch 
described a patient, who, 1 year after surgery for 
breast malignancy, developed an eruption which 
might have been mistaken for lymphoheman- 
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Fig. 1, left. Case 1 when first seen. Note the small enlargement just above the areola 
and the large axillary metastases. No inflammatory elements were present. 

Fig. 2. Case 1, 20 months after mastectomy. The skin presented a flaming red, 
clearly marginated eruption which spread in all directions from the mastectomy scar. 
The well demarcated posterior edge may be seen. 


gioma. Few characteristics of erysipelas were 
present. Microscopically there were unidentified 


vascular channels crowded with tumor cells. The 
presence of erythrocytes in some suggested that 
at least an occasional blood vessel was involved 
along with the lymphatic vessels. The authors 
question whether, in the absence of redness, eleva- 
tion of temperature, and active spreading border, 


Fig. 3. Biopsy of skin lesion of Case 1. Arrow indicates 
a thin-walled channel containing tumor cells. 


one should call the disorder carcinoma erysipe- 
latodes. When diffuse cutaneous infiltration is an 
outstanding feature, they prefer the term “sub- 
epidermal carcinoma.” Satenstein recalled cases 
in which the extension was by both blood vessels 
and lymphatics. Dawson and Shaw reported a 
bilateral breast neoplasm which extended to dis- 
tant organs by way of lymphatic and blood ves- 


Fig. 4. High magnification of vessel in Figure 3. Tumor 
cells vary in size and have irregular hyperchromatic nuclei. 
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Fig. 5. 

Fig. 5. Case 2, on admission. An elevated hard mass, 
covered by red, glossy skin, was present with metastases 
at the right pectoral border. No inflammatory elements 
were noted. 

Fig. 6. Case 2, 5 months after operation. A brownish 


sels. Dilatation of channels was a prominent 
feature. They therefore felt justified in describing 
the disorder as “generalized telangiectatic car- 
cinoma.” They suggest that carcinoma erysipela- 
todes is merely a late stage of malignant mam- 
mary tumor with cutaneous carcinomatosis which 
may in some cases be associated with more typical 
forms of cancer encuirasse and Paget’s disease of 
the nipple. They felt there was little justification 
for regarding this, when accompanied by redden- 
ing, a distinct pathological entity as suggested by 
a specific name. 

The great variance in the foregoing reports in- 
dicates a need for additional study of the under- 
lying process. Two patients with carcinoma of 
the breast, who, after operation, presented clinical 
features suggesting erysipelas, were observed. 
The skin was studied by repeated biopsy in an 
effort to clarify some of the pathological features. 
This material was sectioned serially. 


REPORT OF CASES 


CasE 1. C. S., a white American female, aged 47 years, 
entered the Brooklyn Cancer Institute on March 2, 1936, 
with a chief complaint of an enlarged gland in the right 
armpit of 1 year’s duration. She had had no knowledge of 
a mass in the breast. Her family and past histories were 
irrelevant. Physical examination revealed both breasts to 
be small, with practically no glandular tissue palpable. 
A 2.5 centimeter nodule, not attached to the skin or chest 
wall was palpated above and external to the areola of the 
tisht breast. Associated with this were matted glands in 
the midaxillary and anterior axillary fold on the same 


Fig. 8. 


red, well demarcated discoloration extended medially from 
the mastectomy scar. Biopsy specimens were taken from 
the middle and edge of the lesion. 

Fig. 8. Case 2, 9 months after operation. A red mottling 
had appeared on the opposite breast. 


side, approximately 3 times larger than the primary lesion. 
The glands were freely mobile. No other regional or dis- 
(rie —— and no inflammatory aspects were noted 

ig. 1). 

She was given roentgen therapy and the following factors 
were used: 200 kilovolt, 40 centimeter skin, target 
distance, 1 millimeter of copper and 1 millimeter alumi- 
num filtration, two 6 by 8 centimeter fields, anterior and 
lateral ports cross-firing the breast and areola, for a total 
of 1600 reach. The same factors were used via 1 anterior 
and 1 posterior 10 by 15 centimeter portal to the axilla for 
a total of 1600 r to each. Following roentgen therapy, 
there was marked diminution in the notable pathology. 


Fig. 7. Section of skin lesion from Case 2. Subpapillary 
channels are slightly distended with masses of tumor cells. 
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Fig. 9. 
Fig. 9. Case 2, 10 months after mastectomy. The pro- 

cess on the opposite breast had developed into a typical 

carcinoma erysipelatodes. Note the flaming, well demar- 

cated border. 

Fig. 10. Photograph taken with patient in same position 


The lump in the upper outer quadrant of the right breast 
could not be palpated. A residual gland was still felt in the 
apex of the axilla. For sociologic reasons the patient de- 
layed the proposed mastectomy. Aside from a microcytic 
hypochromic anemia, her laboratory work-up was nega- 
tive. The Wassermann and blood chemistries were normal. 

Eleven months after admission, a nontoxic nodular 
goiter was removed. On March, 1937, a year after comple- 
tion of roentgen therapy, a radical mastectomy was done. 

Pathology. The specimen consisted of a right breast, the 
underlying pectoral muscles, and axillary tissues. Exten- 
sive sectioning through the mammary parenchyma showed 
no gross evidence of a neoplastic lesion. However, the 
axillary tissue presented numerous discrete, firm, white, 
nodular areas, apparently lymph nodes, which grossly 
appeared to be completely replaced by neoplastic tissue. 
Sections through the skin showed no abnormal findings. 
In numerous sections throughout the breast the large 
ducts showed no alteration of the lining epithelium whether 
proliferative or neoplastic. The majority of parenchymal 
lobules also showed no pathological findings of note. 
Toward the outer upper quadrant, however, were many 
lobules which showed a marked increase in fairly dense 
fibrous tissue, both perilobular and periductal. Here there 
was considerable hyperplasia and proliferation of the lining 
cells of the small ducts, and in an occasional lobule some of 
these proliferating cells appeared distinctly atypical. The 
neoplastic cells were found in small sheets. They were 
large, with well defined borders, a pale pink or clear cyto- 
plasm, and round vesicular nuclei with single nucleoli. A 
scattered perivascular lymphocytic infiltrate was found. 
Toward the axilla were collections of lymphoid tissue, some 
definitely small nodes. Several contained metastatic 
masses of neoplastic cells both in dilated peripheral sinuses 
and invading the periphery of the node. One had been com- 
pletely replaced by tumor tissue. The fibrosis in the sur- 
rounding tissue was well marked here. It was fairly dense 
but not of the keloid type. Within the lumen of one large 
vessel, apparently a vein, was a mass of tumor cells. 

The diagnosis was carcinoma of the right breast, with 
axillary lymph node metastases. The cell type suggested 
a duct origin. The proliferation of the duct epithelium, at 
points atypical, with the fibrosis, suggested fibro-adenom- 
atous origin. The malignancy was judged Grade 3. 

After operation the patient received 1200 milligram 
hours of radium via a drain in the operative wound. Her 
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Fig. 10. 


Fig. 11. 
as in Figure 8, showing advance of lesion during 3 weeks. 

Fig. 11. Case 2, just 1 year after operation. The process 
had spread from the right mastectomy scar, across the 
anterior chest wall, and past the left axilla to the angle of 
the scapula. 


general condition was good but a persistent sinus remained 
at the upper angle of the wound. The skin about the sinus 
became red and tender; this improved somewhat as drain- 
age progressed. Cultures from the chest wall and sinus 
revealed hemolytic streptococcus at one time and staphy- 
lococcus at others. 

Five months after the operation, the surgeon noted that 
the wound was completely healed except for a tiny draining 
sinus at the apex. The reddening of the skin surrounding 
this area was attributed to inflammation. Two months 
later, this redness was interpreted as a_postradiation 
eczema. Subjective symptoms varied from slight itching 
to severe burning. Right supraclavicular glands were felt 
at this time and were treated with deep therapy. A year 
after the operation, the redness had spread to the posterior 
axillary line and was diagnosed as ringworm. Shortly 
afterward, it was thought to be an eczematous lesion, pos- 
sibly predicated by a fungus infection. Later, she was 
given bland ointments to apply to the reddened area. Two 
years after the operation, the skin condition was thought to 
be due to the self-application of medication. Finally, how- 
ever, her condition was recognized as true skin metastases. 
At this time, the skin presented a flaming red, clearly 
marginated, diffuse eruption which spread in all directions 
from the right mastectomy scar. The lesion had spread to 
involve the opposite breast, downward over the abdomen 
almost to the umbilicus, and posteriorly on to the back 
and shoulders, almost to the midline (Fig. 2). Biopsy of 
the skin showed it to be covered with a thin, otherwise nor- 
mal, epithelium. The rete pegs and papillary cores were 
well preserved. An occasional, thin-walled channel con- 
tained neoplastic cells with hyperchromatic irregular 
nuclei (Figs. 3 and 4). This confirmed the clinical impression 
of malignant involvement of the skin. 

The patient refused medical care and returned home 
where she died August, 1939, 314 years following her en- 
trance to our clinic. 

Case 2. B.S., a white American female, aged 48 years, 
entered the Brooklyn Cancer Institute on May 17, 1938, 
complaining of a lump in the right breast of 8 months’ 
duration. Her family history was irrelevant. Eighteen 
years previously, a lactocele, which occurred after a still- 
birth, was removed. Two years later, after another 
delivery, she developed multiple abscesses in the left breast, 
one of which was incised. Following this, the patient 
nursed her child on both breasts for 1 year. 
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: 

Fig. 12. At this magnification a group of tumor cells 
appear to lie in a blood vessel containing erythrocytes. 


Eight months previous to admission, she noticed a wal- 
nut-sized, hard, painless mass in the right breast which 
grew larger slowly. The skin became involved_6 months 
after the appearance of the mass. 

Physical examination revealed an elevated, round, hard, 
4 centimeter mass situated in the upper outer quadrant of 
the right breast, covered by a red, glossy skin. In the right 
pectoral border, a 5 centimeter sized indurated, metastasis 
was found, adherent to the skin. The supraclavicular area 
was negative (Fig. 5). Laboratory examination including 
roentgenograms of the chest revealed no evidence of dis- 
tant metastases. Wassermann was negative. Urine and 
blood tests showed them to be normal. Specimen obtained 
by punch biopsy of the breast was reported as carcinoma. 

She received a course of pre-operative roentgen therapy 
between May 31, 1938, and July 13, 1938. The following 
factors were used: 200 kilovolt, 50 centimeter skin, target 
distance, 2 millimeters copper and 1 millimeter aluminum 
filtration, 2 ports cross-firing each of the areas treated; 
breast ports 1o by 15 centimeters; other ports 8 by 10 cen- 
timeters. The breast received 3,000 r to each port with a 
tumor dose of 3,030 r. The axilla received 2,600 r to each 
port with a tumor dose of 3,926 r. The right supraclavi- 
cular region received 2,400 r to 2 ports with a tumor dose 
of 3,878 r. A satisfactory radiation reaction was noted on 
the skin. The breast mass broke through the skin follow- 
ing therapy but this healed following conservative treat- 
ment. The mass in the axilla diminished in size and was 
softer. 

On October 1, 1938, a radical mastectomy was performed. 
Involved glands had to be dissected away from the axillary 
vein and from the lateral border of the latissimus dorsi. 
A large skin flap was removed from the breast, necessitating 
the undermining of the skin toward the midline of the 
sternum and also at the lateral border of the incision. 

Pathology. A 4 centimeter mass was present in the upper 
outer quadrant, adherent to the skin. Several axillary 
glinds appeared to be grossly involved in the neoplastic 
process. Sections through the mass were composed of an 
extremely dense, poorly cellular, fibrous tissue within 
which were numerous small rows of neoplastic cells which 
for the most part showed no definable cell bodies, and 
irtegular, extremely chromatic nuclei. Vesicular nuclei 
were rare. Nucleoli and mitoses were absent. There was a 
very scant lymphocytic infiltrate. Groups of tumor cells 


Fig. 13. High magnification of tumor cells seen in Figure 

12. They are confined to a lymphatic which is surrounded 

by the branching of a capillary. Arrow points to the single 

cell thickness of their respective walls. The erythrocytes 
are confined to the capillary. 


which extended into the surrounding fatty tissue showed 
less change, the nuclei commonly being vesicular. An 
axillary lymph node was almost completely replaced by 
tumor tissue which showed a distinct alveolar and some- 
times a pseudoglandular arrangement, the individual cells 
being prominent, with a pale cytoplasm, vesicular nuclei, 
and distinctly definable nucleoli. No mitotic figures were 
noted. No findings of note were present in the sections 
through the nipple, skin, or underlying large ducts or 
lobules. There was no involvement of the underlying pec- 
toral muscle. The diagnosis was: duct carcinoma of breast, 
with axillary lymph node metastases; marked radiation 
changes in the breast mass. 

The wound healed uneventfully except for a small tri- 
angular area at its center, which was treated with azo- 
chloramide solution and later with cod liver oil ointment. 
One month after operation, marked erythema was noted 
extending medially from the wound. The patient stated 
that the reddening followed wet dressings of azochloramide. 
The redness was therefore attributed to this. This derma- 
titis apparently subsided somewhat following discontinua- 


he tumor bearing lymphatic 
has interfered with the nutrition of the overlying epidermis 
with resultant atrophy. 
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tion of azochloramide and application of a bland ointment. 
Subjective symptoms consisted of moderate itching and 
burning. Two months later a note was made that pigmen- 
tation present on the chest wall was due to radiation. 
Questionable small nodules were felt in the skin. It is to 
be noted at this time that the patient had received no post- 
operative radiation therapy, and that any skin which might 
have been pigmented from pre-operative therapy had been 
removed at operation. 

Two months later (5 months after operation) her skin 
condition was finally recognized as carcinoma erysipela- 
todes. At this time, a semilunar scar, approximately 22 
centimeters in length, was noted on the right chest wall at 
the site of mastectomy. From its mid point, an 8 centi- 
meter linear scar extended transversely toward the ster- 
num. A brownish red, well demarcated discoloration of the 
skin, with flaming border, extended medially from the lower 
half of the scar for a distance of 12 centimeters. The skin 
was slightly brawny and indurated. No nodulation was 
demonstrable. The entire area was slightly raised (Fig. 6). 

Biopsy specimens from the middle and edge of the lesion, 
as indicated on the photograph, revealed a diffuse car- 
cinomatous involvement of the subpapillary channels (Fig. 
7). Cultures from the surface of both involved and unin- 
volved skin showed a growth of hemolytic Staphylococcus 
aureus. The area was given a course of roentgen therapy, 
following which there was remarkable clinical subsidence 
of the process. However, in June, 1939, a similar diffuse, 
red mottling was noted over the other breast (Fig. 8). 
Three weeks later the appearance was typical of carcinoma 
erysipelatodes. The skin over the entire breast was bright 
red, with well demarcated, flaming edges (Figs. 9 and 10). 
Repeated biopsies confirmed the clinical impression. In- 
tensive deep therapy, cross-firing a large area, was insti- 
tuted in an effort to stem the advance. Though a good 
local response was obtained, the process continued its inex- 
orable spread. Three and a half months later the flaming 
edge had extended posteriorly to the angle of the scapula 
(Fig. 11), inferiorly over the abdomen, and superiorly 
toward the clavicles. Roentgenograms of the chest and 
osseous system were negative for metastases. The right 
supraclavicular nodes appeared enlarged on the roentgen- 
ogram. The leucocyte count varied from 7,000 to 12,000 
with 68 to 81 per cent polymorphonuclear cells. 

It is remarkable that until this time, constitutional 
symptoms were absent. Indeed, the patient felt well 
enough to supplement her meager income by taking in sew- 
ing. Finally, in December, 1939, 26 months after her first 
complaint and about 12 months after skin involvement, the 
latter became so severe as to necessitate hospitalization. 
Multiple nodules and ulcerations were present over the 
anterior chest wall. The skin was brawny and indurated 
with right supraclavicular and arm edema. But even at 
this time the periphery of the lesion resembled erysipelas 
enough to cause a new surgical service to prescribe sulfanil- 
amide. This, of course, was discontinued when the nature 
of the lesion was reaffirmed by biopsy. 

The patient went slowly downhill, developed jaundice, 
possibly due to abdominal metastases, and expired April 8, 

1940, 30 months after her first complaint, and 16 months 
after skin involvement. Autopsy could not be obtained. 


The random histologic sections of skin first 
studied revealed slightly dilated subpapillary 
channels filled with tumor cells. The uncertainty 
encountered in the literature as to whether they 
were lymphatics or capillaries still existed. In the 
normal skin the easily recognized subpapillary 
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capillary plexus and the more obscure lymphatic 
plexus lie in close proximity. The lymphatics are 
usually collapsed, resemble tissue spaces, and ave 
nearly unrecognizable unless they contain cellul::r 
elements. When found dilated they are often mis- 
taken for capillaries. The vascular channels in 
question lay so close to both these plexuses that 
they might have been taken for either. They were 

lined with a single layer of endothelial cells and 

surrounded by a sparse infiltrate of lymphocytes. 

It was decided to subject the biopsy material to 

serial sectioning in an attempt to determine their 

true identity. More than 200 sections were 

studied. 

Barring artefaction, the presence of an erythro- 
cyte in a vessel might be taken as evidence that it 
was a capillary or venule. In the sections studied, 
no erythrocytes were found in the vessels contain- 
ing tumor cells. It was assumed therefore that 
they were lymphatics. 

In some sections the proximity of the lympha- 
tics and capillaries were so close that the tumor 
masses appeared to lie in vessels containing 
erythrocytes. Closer scrutiny, however, always 
revealed the erythrocytes to be confined to 
capillaries which were discrete from the involved 
lymphatics. Occasional sections showed a capil- 
lary containing red blood cells separated from a 
tumor bearing lymphatic by only the single cell 
thickness of their respective walls. Figure 12 
shows such a section where a small tumor mass 
appears to lie in a venule. Higher magnification 
reveals the tumor mass to be confined to a 
lymphatic which is separated from the vessel con- 
taining erythrocytes by only the single layer of 
cells of their respective walls (Fig. 13). In all the 
sections the lymphatics maintained their discrete 
identity in their expected anatomical location. 

In some areas the proximity of the different 
vessels led to compression of the capillaries by 
distended lymphatics with resultant atrophy of 
the overlying epidermis (Fig. 14). Further growth 
of such a lesion might well lead to nodular eleva- 
tion of the skin. 

Serial sectioning revealed the amount of 
lymphatic dilatation to vary between wide limits. 
Single sections gave the picture at either extreme. 
Indeed, in an occasional section the lymphatics 
were so narrow as to hold only a single tumor cell. 

In some instances the involved lymphatics were 
free from tumor cells for short distances. 

The metastatic process was by no means con- 
fined to the subpapillary lymphatics but involved 
the tissue spaces and subcutaneous at as well. 

The cases are of clinical interest because of the 
difficulty encountered in their diagnosis. Con- 
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siderable time elapsed between their appearance 
and recognition. Both were mistaken for post- 
operative inflammation, dermatitis venenata, 
fungus infection, and radiodermatitis. The medi- 
colegal implication of the last diagnosis is signifi- 
cant. The diagnostic confusion could be readily 
obviated by prompt biopsy of any obscure lesion. 

The pathological evidence would seem to indi- 
cate that the involved vessels are lymphatics. 
The channels containing tumor cells did not con- 
tain erythrocytes. Conversely vessels containing 
erythrocytes were demonstrated to be discrete 
from those containing tumor cells. It is conceiv- 
able that the close proximity of blood vessels to 
the permeated lymphatics might make them vul- 
nerable to metastatic invasion, but we did not 
note this. The previously reported cases differed 
as to the amount of lymphatic dilatation. Serial 
sectioning clarified the differences by revealing the 
dilatation to vary between wide limits, depending 
upon the section examined. 

Successive sections showed the lymphatics to be 
free from tumor cells for short distances. This 
raises the question of method of metastatic 
spread. Might this indicate that the spread was 
by embolization rather than permeation? This 
does not seem likely. The empty spaces appear to 
represent breaks in the advancing stalk rather 
than gaps between emboli. Clinically, the appear- 
ance of a well demarcated, slowly advancing and 
spreading lesion speaks for a steady outgrowth by 
permeation rather than an erratic spread by em- 
bolization. Absence of early distant metastases 
is indirect evidence pointing to same conclusion. 

The condition appears to have sufficiently dis- 
tinctive physical and pathological characteristics 
to warrant giving it a separate place in clinical 
medicine. Names implying an acute process are 
unfortunate. While the cases often present the 
startling appearance of an acute lesion, they are in 
fact chronic. The well demarcated, reddened, 
and advancing border is the only common factor 
with erysipelas. We would favor a pathological 
term implying a diffuse subepidermal carcinoma- 
tosis from carcinoma of the breast, but we believe 
that the addition of still another name could only 
add to the confusion. The term ‘carcinoma ery- 
sipelatodes”’ is sufficiently descriptive to identify 
the condition. 

It would be of extreme importance to under- 
stand the factors responsible for making a given 
tumor react in a particular way, such as these two 
tumors have done. To venture any such explana- 
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tion with the information at hand would be im- 
prudent indeed. The problem, however, should 
be stated for future investigation. 


SUMMARY 


1. Two typical cases of carcinoma erysipe- 
latodes which developed in postoperative mastec- 
tomy patients are presented. 

2. Both were mistaken for postoperative in- 
flammatory complications, dermatitis venenata, 
fungus infection, and radiodermatitis. The medi- 
colegal importance of this is significant. The 
appearance of any peculiar skin lesion following 
mastectomy for malignancy should be regarded 
with suspicion and biopsy examination made. 

3. The pathological material from repeated 
skin biopsies was studied by serial sectioning. 

4. It appears that the metastatic process, in 
the cases observed, is one of permeation of the 
subepidermal lymphatics and tissue spaces, rather 
than venous channels. 
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LLUSTRATION is an effective method of 
description. With advances in photographic 
technique pictures are taking an increas- 
ingly important place in medical writings. 

Operative procedures which require the use of 
telescopes and lens systems have fields of vision 
often limited to the operator alone. It is not easy 
for an untrained person to understand these 
operations, and restricted vision makes teaching 
difficult. Operations of this sort are more easily 
portrayed by illustration than description. There- 
fore, we have used recent improvements in 
photography to illustrate the operation of trans- 
urethral prostatectomy. 


Fig. 1. Low spinal anesthesia. Safe, satisfactory anes- 
thesia is obtained with 100 milligrams of novocain crystals 
in the fourth lumbar interspace with the patient in the 
sitting position. 


TRANSURETHRAL PROSTATECTOMY 
A Photographic Record of the Operation of Transurethral Resection 


FLETCHER H. COLBY, M.D., F.A.C.S., and HOWARD I. SUBY, M.D., Boston, Massachusetts 
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This communication describes graphically th. 
method employed by us for the transurethral re 
moval of the prostate gland. The illustrations 
are actual photographs of the hypertrophiec 
gland, the changes which result from obstruction, 
and transurethral removal of the prostate, taken 
with a cystoscopic camera during operation. The 
sharpness of the photographs is an evidence o/ 
the clear vision obtainable with modern instru- 
ments and so necessary for a successful operation. 

Careful preliminary studies of patients with 
prostatic obstruction must be made. We feel, 
however, that manipulations should be as few as 
possible and that even catheterization is apt to 
be dangerous. Cystoscopic examination has led 
to complications so often in the past that we pre- 
fer to eliminate this procedure if possible. Cys- 
to-urethrograms (1), we believe, give a more 
accurate estimation of the size of the obstructing 
prostate and its suitability for transurethral re- 
moval than cystoscopic examination; conse- 
quently, cystoscopy with its danger and discom- 
fort often can be eliminated. Prostates enlarged 
beyond a certain size obviously are best removed 
by open operation, preferably perineal prosta- 
tectomy. Others similarly are suited to trans- 
urethral removal. When decision is difficult cys- 
to-urethrograms are helpful. 

This is our usual pre-operative preparation of 
patients who have prostatic obstruction. General 
physical examination is done and includes com- 
plete blood counts, non-protein nitrogen, blood 
sugar, and Wassermann tests. Intravenous pye- 
lograms are made; these provide a test of renal 
function and afford information regarding the 
spine and pelvis, contour of the bladder, and give 
a fair estimate of residual urine. Patients in 
acute retention, those with large amounts of resi- 
dual urine or with poor renal function are put on 
constant drainage with a Foley retention cathe- 
ter. Retention catheters are immediately con- 
nected to a sterile closed drainage system and 
irrigated as necessary with sterile boric acid solu- 
tion. If the non protein nitrogen is normal, renal 
function adequate, the general condition of the 
patient good, and the prostate only moderately 
enlarged by rectal examination, operation is con- 
sidered safe without further study. Patients with 
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COLBY, SUBY: TRANSURETHRAL PROSTATECTOMY 


Fig. 2. Preparation for operation. Good exposure and complete sterility are pro- 
vided. Patient is in position on McDevitt-Alcock table. 


a history of hematuria or those with any filling 
defect of the bladder suggestive of tumor are ex- 
amined with a cystoscope. Responsibility for 
such complications as diabetes, cardiac disease, 
or others, is shared with a medical consultant. 
We consider pre-operative chemotherapy im- 


portant. 

Low spinal anesthesia for transurethral resec- 
tion has been used by us for several years with 
such good results that it is now employed when- 
ever possible. This method of anesthesia amounts 
almost to a regional anesthetic and its level goes 
little higher than the symphysis pubis. It has 
resulted in no significant falls in blood pressure 
and usually lasts for about one hour. One hundred 
milligrams of novocain crystals in 2 cubic centi- 
meters of spinal fluid is injected into the fourth 
lumbar interspace with the patient in the sitting 
position (Fig. 1). The patient is kept in this po- 
sition for 3 minutes after the injection. This 
technique was described by Nesbit (2) in 1936. 
No complications attributable to anesthesia have 
resulted since its adoption. 

Increased comfort to the patient and better 
position for operating have been secured since we 
have used the McDevitt-Alcock table (Fig. 2). 
Patients are as carefully prepared as for any 
operation and the operator wears a sterile gown 
and gloves. 

A definite routine makes for thoroughness, so 
examination and operation are conducted in defi- 
nite sequence. The bakelite sheath of the Mc- 


Carthy resectoscope with Timberlake obturator 
is passed to the bladder and a specimen of urine 
is taken for culture. Both the No. 28 and 24 in- 
struments are at hand since male urethras vary 
in size and some will not accommodate the larger 
sheath. The bladder is carefully examined with 
the go degree observation telescope which pro- 
vides a large clear field of vision. The photo- 
graphs demonstrate that intravesical protrusions 
of the enlarged prostate (Figs. 6-9) and changes 
produced from obstruction, such as trabeculation 
and diverticula (Figs. 3-5), are clearly discern- 
ible. Further examination with the retrograde 
telescope, which looks toward the operator, vis- 
ualizes the trigone, ureteral orifices, and internal 
urethral orifice (Fig. 10). By replacing the retro- 
grade telescope with the foroblique lens system, 
attached to the working element of the resecto- 
scope, those portions of the prostate which en- 
croach upon the urethral lumen are seen (Figs. 
11-12). The extent and variety of obstruction is 
thus clearly defined and operation may be started. 

Operation, as examination, follows a definite 
course. The upper portions of both lateral lobes 
are first removed (Fig. 13). These cuts are made 
at about eleven and one o’clock. Projecting tis- 
sue at the anterior commissure is then resected. 
Deep cuts are now made in the lower portions of 
the lateral lobes where they join the median lobe 
(Fig. 14). Bleeding frequently is profuse in these 
areas since much of the blood supply to the lateral 
and median lobes is cut across. A resectoscope 
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Fig. 3. 
Fig. 3. Trabeculation. Preliminary inspection of blad- 
der shows hypertrophied muscle bundles due to obstruc- 


tion at bladder neck. 
Fig. 4. Cellule. Another area of bladder wall shows 


Fig. 6. Fig. 7. 
Fig. 6. Prostatic cyst. Clear walled cyst on lateral lobe 


of enlarged prostate. 

Fig. 7. Hypertrophied lateral lobe. Obstruction at 
bladder outlet. Diverticulum in background. 

Fig. 8. Anterior commissure. Roof of prostatic urethra, 


Fig. ro. 


Fig. 10. Retrograde view of median lobe. Obstructing 


tissue at internal sphincter as it appears looking towa’ 
operator from within the bladder. Bladder base below. 


Fig. 11. Mid prostatic urethra. Enlarged lateral lobes 


Fig. 4. 


Fig. 11. 


Fig. 5. 
sacculation of mucous membrane from increased intr.- 


vesical pressure. 
Fig. 5. Diverticulum. A later result of prolonged ol)- 


struction is herniation of the bladder mucosa. 


Fig. 8. Fig. 9. 
normally circular, is angulated by hypertrophied lateral 


lobes. 
Fig. 9. Hypertrophied median lobe. Obstructing tissue 


bulges upward from floor of prostatic urethra. Bladder 
cavity shows above. 


Fig. 12. 
nearly fill urethral lumen. Foroblique telescope. 

Fig. 12. Distal prostatic urethra. Verumontanum visible 
below. Lateral lobes encroach upon urethra. Loop elec- 
trode above. 
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COLBY, SUBY: TRANSURETHRAL PROSTATECTOMY 


Fig. 14. 


lig. 13. The first cut. Loop electrode has removed the 
first piece of tissue from upper part of right lateral lobe. 
Bits of tissue adhere to loop. 

Fig. 14. Deep cut in lateral lobe. Repeated cuts remove 
the enlarged prostate layer by layer. 


employs two types of current regulated by a foot 
switch. The cutting current removes tissue, and 
the coagulating current is used to stop bleeding 
points. With the bleeding of this very vascular 
region controlled, remaining tissue is removed 
with little hemorrhage. Intravesical protrusions 
of the lateral lobes are cut away until the muscular 
fibers of the internal sphincter appear. The 


striated appearance of this muscle is an important 
landmark which makes it plainly evident that the 
cuts are sufficiently deep. Removal of the intra- 
vesical part of the middle lobe is simple and 
quickly accomplished. The intra-urethral parts 
of the prostate are now left. Tie lateral lobes are 


hollowed out layer by layer down to the veru- 
montanum which is generally an easily seen land- 
mark (Fig. 12). Remaining tissue to be removed 
are the remnants of the lateral lobes and the re- 
mains of the median lobe on the floor of the urethra 
(Fig. 15). In our experience this is removed most 
effectively with the Nesbit modification of the 
McCarthy resectoscope. With a finger in the 
rectum remaining nodules of hyperplastic tissue 
are readily engaged in the loop electrode and cut 
away until all hypertrophied tissue is removed. 
The rectal finger guards against cutting too deeply 
and avoids undue pressure of the sheath against 
the urethra. The differentiation between normal 
and hypertrophied prostatic tissue is usually clear. 
Hyperplastic tissue has a characteristic struc- 
tureless frosty appearance in contrast to the gray 
orderly structure of the normal prostate. En- 
larged glands, within one’s ability to resect, are 
thus cleanly and systematically removed (Fig. 
16). Cut tissue falls back into the bladder and is 
removed by evacuation only as is necessary for 
clear vision. At the conclusion of the operation 


Fig. 15. Fig. 16. 


Fig. 15. Remains of median lobe. A thin rim of hyper- 
trophied prostate remains on urethral floor. 

Fig. 16. Operation completed. Obstructing tissue re- 
moved. Clear view into bladder. Note smooth fibrotic 
appearance of prostatic capsule. 


bleeding points are controlled by coagulation, and 
a 30 cubic centimeter Foley type catheter is in- 
serted into the bladder. Tension on the bag for 
hemostasis is seldom necessary. 

Postoperative care is usually simple. Catheters 
are connected immediately to a sterile closed 
drainage system and irrigated frequently enough 
with sterile boric acid solution to prevent clotting. 
Sedatives and intravenous fluids are given as 
necessary. Catheters are removed in from 3 to 
5.days after operation. After this the great dan- 
ger of infection makes it unwise to catheterize 
these patients. Curiosity regarding residual 
urine should be restrained. Difficult urination or 
persistently cloudy urine means incomplete re- 
moval of the hypertrophied prostate and _ indi- 
cates the necessity of further operation. The 
average postoperative stay in the hospital has 
been about ro days. 

The accompanying photographs illustrate many 
of the steps in the transurethral removal of the 
prostate. They demonstrate that clear and ade- 
quate vision may be obtained during operation 
and that those prostates suited to resection are 
cleanly and effectively removed by this method. 


SUMMARY 


The management of the obstructing prostate 
and its removal by transurethral resection is de- 
scribed and illustrated by photographs taken at 
operation with a cystoscopic camera. 
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HE orthodox method of osteoplastic 
craniotomy is to leave the bone flap 
attached to muscle, as was begun by 
Wagner, 1889, 50 years ago. 

In 1936, one of us (W. V. C.)commenced the use 
of free bone flap osteoplastic craniotomy in se- 
lected cases. The chief reason for desiring a change 
was that there are so many areas of the skull 
where muscle attachment necessitates a larger 
scalp and bone flap than would otherwise be re- 
quired for an adequate approach to the under- 
lying intracranial disease. Other advantages have 
appeared and the results have been so uniformly 
satisfactory that the free bone flap has been 
turned in an increasing percentage of operations, 
so that at the present time we have available over 
50 cases in which the procedure was used and 
from which conclusions may be drawn. 

The procedure is not an original one. Leriche, 
1933, reports that he has completely freed the 
skull flap in about 30 osteoplastic craniotomies 
since 1912. O. Sjéqvist, in a personal communica- 
tion, states that he has used the method several 
times. Doubtless many others have employed it. 
This report is indicated, however, because the 
procedure is not yet widely recognized, because it 
is feared by many of those acquainted with it, and 
because we feel that its advantages should be 
brought again to the attention of those surgeons 
who operate on patients with intracranial disease. 


PROCEDURE 


The exact localization of the lesion having been 
made, the scalp flap is planned in the usual man- 
ner. After hemostasis has been established along 
the incision line, the scalp is reflected with the 
raspatory, the line of cleavage being between the 
bone and the pericranium. It is important that 
the pericranium be attached to the scalp, retaining 
its intact blood supply, because of its important 
role in bony repair. We feel that it is this osteo- 
plastic membrane that requires nourishment—not 
the bone already laid down. When this scalp flap 
is completely turned back and all bleeding is con- 
trolled, it is wrapped in gauze moistened with 
Ringer’s solution, is padded to prevent kinking, 
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and is held retracted by means of barbless fish 
hooks which are attached to rubber bands which 
in turn are attached to the adjacent drapes with 
Allis forceps. 

Four to six burr holes are drilled at proper 
positions and the flap is cut out with the Gigli 
saw, care being taken to stagger and bevel the 
sawed line as described by Stookey, 1937, so that 
the flap will interlock and be stable when replaced. 
Before the flap is freed, marks are made indicating 
the position of the punch holes for wiring the flap 
at the end of the operation. When the last attach- 
ment of the bone flap is being cut, extreme caution 
must be employed to prevent the flap being sud- 
denly detached from the dura and dropped to the 
floor. When completely severed, it is dissected 
from the dura in the usual way (usually it lifts off 
with surprising ease), is wrapped in a dressing 
moistened with Ringer’s solution, and is left on 
the nurse’s table until needed at the close of the 
procedure. 

We have found that manipulation is avoided 
and time is saved if the holes for wire are intro- 
duced before the flap is laid aside in the beginning. 
Two or three points for wiring have proved to be 
sufficient. Number twenty-eight chromium steel 
wire is used, is tied or twisted, and the knot or 
twist turned into the outer hole. There is no es- 
sential change in the closure of the aponeurosis 
and skin. 

Our patients who have had free bone flap 
osteoplastic craniotomies have ranged in age from 
3 to 61 years. They have been equally divided as 
to sex. The majority have been operated on be- 
cause of intracranial tumor. All areas of the con- 
vexity of the calvaria have been reflected. Be- 
cause of the nature of their disease, many patients 
have died within a few months. However, 2 
patients were followed for 2 years; 1 of these 
patients is still living. 

By way of complication, 1 patient developed 
an infection as a result of skin sensitivity to boric 
acid. The bone flap became involved, necessi- 
tating removal. This bone flap was a small one 
and was sacrificed at once without too great de- 
formity. Had the standard larger sized attached 
flap been used, it too would have had to be 
sacrificed and a much greater deformity would 
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BOLDREY, CONE: FREE BONE FLAP OSTEOPLASTIC CRANIOTOMY 


Fig. 1, left. Case 1. Roentgenogram showing free bone 
flap 6 days after operation. 
Fig. 2. Free bone flap 5 months after operation. Com- 


have resulted. One flap was dropped on the floor 
during the operation. It was washed with Ring- 
er’s solution, and was boiled for 10 minutes in the 
same solution. Thus far, this has produced no 
demonstrable ill effect, and the flap is still satis- 
factory. However, there has been an elapse of 
only 3 months. 

Large doses of roentgen-ray have been directed 
through the flap to underlying tumors on many 
occasions, the treatment commencing as early as 
the fifth postoperative day. No deleterious effect 
has been seen following such treatment, though 


Fig. 3, left. Case 2. Roentgenogram 2 days after oper- 
ation showing condition of free bone flap. 
Fig. 4. Free bone flap 11 months after operation; 5,700 
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parison of radiopacity of flap with that of the rest of skull 
and with appearance immediately after operation shows 
no absorption. There is evidence of bony union. 


there has been evidence of transitory decalcifica- 
tion in some instances. 

The results of roentgen-ray studies of these 
patients with free bone flap osteoplastic craniot- 
omies likewise have been satisfactory. The fol- 
lowing brief case reports are included as objective 
evidence. 


Case t. E. S., female, aged 10 years. On August 18, 
1939, a left osteoplastic craniotomy (free bone flap) was 
turned and a subtotal removal of a large intracranial neo- 
plasm carried out. Figure 1, is a roentgenogram showing 
the bone flap on August 24, 1939. She returned on January 


r units of roentgen therapy have passed through a port 
centering in this region. There is some evidence of central 
rarefaction but there is also bony union with the skull. 
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Fig. 5, left. Case 3. Roentgenogram with flap side away 
from film, taken 2 days after operation. 
Fig. 6. Case 3. Roentgenogram with flap side next to 


19, 1940 with signs of recurrence of the tumor. On that 
date, the roentgenogram (Fig. 2) suggests that bony union 
between the skull and the flap has occurred extensively. 
There is no evidence of absorption of bony substance in 
the flap. 

Case 2. M. W., female, aged 47 years. On July 17, 1938, 
a left parietal free bone flap osteoplastic craniotomy was 
carried out for the relief of symptoms produced by a cystic 
glioblastoma multiforme. On July 19, 1938, the roentgen- 
ray appearance was that seen in Figure 3. In the ensuing 
months, she received roentgen therapy totalling 18,500 r 
units, 5,700 of which were passed through a port centering 
over this bone flap. In February, 1939, roentgenograms 
showed some rarefaction at the center of the bone flap but 
there was bony union at the edges. On June 26, 1930, 
there was less rarefaction than was found in February 
(Fig. 4) and bony union with the skull was more in 
evidence. The patient has since died. Autopsy not obtained. 

Case 3. H. McD., male, aged 61 years. On April 14, 
1938, a right frontal free bone flap usteoplastic craniotomy 
was performed and a postembolic porencephalic cavitation 
drained. On April 16, 1938, roentgen-ray films with the 
left side of the head down (Fig. 5), were taken. The patient’s 
course has been without incident. He is our oldest patient 
and has one of the longest postoperative courses in our 
series. Figure 6 shows the appearance of the skull flap on 
January 6, 1940. There is bony union between the flap and 
the skull. There is no resorption of bone; in fact, there may 
be some increased density. 


It has long been obvious that bone cut free from 
all attachment will live if replaced in a suitable 
environment. We have had repeated occasion to 
observe the good results clinically and roentgen- 
ographically of tibial, ischial, and rib grafts in 
the repair of old skull defects as well as elsewhere 
in the body. That skull bone should survive equal- 
ly well has been proved in many instances in which 
comminuted pieces of calvaria have been tem- 
porarily removed and then replaced in the course 
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film. This x-ray film was taken 21 months after opera- 
tion. Note the bony union and definite lack of evidence of 
absorption. 


of operative treatment of severe head injuries. In 
all of these situations it has been shown that the 
preservation and union of bone is accomplished 
only if the bone is freshly removed from the 
patient’s own body and if the attachment of the 
periosteum to the surrounding tissues is main- 
tained. 

Boiled autopsy bone, in our experience and 
that of others, is absorbed within 18 months 
(Gurdjian, 1935). In the case of our patient 
whose contaminated flap was boiled, insufficient 
time has elapsed to enable us to submit a report 
on the fate of the bone. Naffziger, 1935, however, 
has noted absorption within 8 months under simi- 
lar circumstances. 

The advantages to be gained by freeing the 
bone flap in osteoplastic craniotomy are many. 
Only that bone, the removal of which is necessary 
to visualize the intracranial lesion, has been ele- 
vated. The absence of an overhanging ledge gives 
greater freedom of action to all members of the 
operating team. The tendency for the procedure 
to fall into successive stages without overlap, plus 
the reduced flap size, facilitate speed in turning 
the flap and cut down blood loss. The shock almost 
always attending the coarse operative manipula- 
tion of “‘cracking up” the flap is avoided. Oozing 
of blood from the bone flap during and after 
operation is completely eliminated. We feel that 
trauma to the soft tissues is considerably less. 
The craniotomy can be enlarged by removing 
adjacent skull as an auxiliary flap, without leaving 
a skull defect. A decompression can be made in the 
usual way if desired. 
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SUMMARY 

Free bone flap osteoplastic craniotomy is fol- 
lowed by wound healing that compares favorably 
with that observed when bone-muscle attachment 
is retained. Advantages to be gained are the re- 
duced size of the scalp and bone flap usually re- 
quired, reduced blood loss, reduced soft tissue 
trauma, increased freedom of action to all mem- 
bers of the operating team, increased speed in 
turning the flap, and elimination of the danger of 
hemorrhage due to blood oozing from the bone 
flap. 
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THE MANAGEMENT OF THE APPENDICEAL STUMP 


Inversion without Ligation of the Stump 


LOUIE FELGER, M.D., F.A.C.S., Los Angeles, California 


HREE basic methods are generally em- 

ployed in treating the appendiceal stump. 

These are (1) simple ligation of the 

stump, (2) ligation and inversion of the 
appendiceal stump, and (3) inversion without 
ligation of the stump. Each of these procedures 
has its firm adherents and opponents. Each has 
been equally commended and condemned. 


Because of the possibility of the inflammatory 
reaction about the stump extending to the cecum, 
intramural abscesses are not unlikely. 


Fig. 1. Fig. 2. Fig. 3. 


Fig. 1. The cecum is delivered into the wound and held 
by the assistant with a moist sponge. The meso-appendix 
is then transsected between clamps and ligated with plain 
No. o catgut. 

Fig. 2. 1 and 2, The peritoneal cavity is well walled off 
with a sponge and then the appendix is amputated at its 
base between Kocher clamps. 3, The cecum is protected 
with a gauze sponge around the clamp and the stump of 
the appendix is treated with phenol and alcohol. 


The objections raised to the method of simply 
ligating the stump with no attempt at inversion 
are: (1) it permits a contaminated raw surface to 
remain free in the peritoneal cavity; (2) it violates 
the sound principle of serosa to serosa apposition 
in gastro-intestinal surgery; and (3) cases of peri- 
tonitis and fecal fistulas due to loosening of the 
ligature or necrosis of the stump are not infre- 
quently reported. 

There are also certain objections inherent in the 
method of ligation and inversion of the appendi- 
ceal stump. In this procedure an infected stump 
is inverted into a closed cavity—the cecal wall. 


From the Department of Surgery, Cedars of Lebanon Hospital, 
Los Angeles, California. 


Fig. 3. 1, A Cushing right angle stitch using chromic 
No. o suture on a straight swaged needle is applied over 
the clamp. The end of this suture A is left long. The 
appendiceal artery, not shown in this figure, is caught in 
this suture. 2 and 3, The clamp is then withdrawn and 
the suture drawn taut. Using the same suture, a con- 
tinuous Lembert stitch B is applied over the first suture 
line in the opposite direction to the first layer. 4, This 
suture B is then tied to the beginning of the first layer 4. 


We have found the ideal procedure in the man- 
agement of the appendiceal stump to be inversion 
without ligation as opposed to simple ligation or 
ligation and inversion. This method is sound 
surgically, for it approximates serosa to serosa, 
and inverts the crushed stump into the lumen of 
the cecum where drainage is adequate. It thus 
obviates the objections inherent in the two other 
methods. 

In the accompanying figures together with the 
explanatory legends we present a method of in- 
verting the unligated appendiceal stump. This 
procedure is advanced not as a new technique, but 
rather for the sake of emphasis. To date it has 
been employed successfully in well over 700 cases. 
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SUPERFICIAL INFECTIONS DUE TO ANAEROBIC 
STREPTOCOCCI 


Indications for Zinc Peroxide Treatment 


JACOB REICHER, M.D., Dayton, Ohio 


NITIATED by the brilliant work of Meleney 

and his associates, a group of uncommon, 

chronic ulcers has received an etiological 

and therapeutic elucidation which appears 
to have furnished medical science with a new dis- 
ease and a relatively new weapon, zinc peroxide. 
The discoverer of this entity has given it the de- 
scriptive term “chronic, ulcerative, burrowing, 
non-gangrenous ulcer due to micro-aerophilic 
hemolytic streptococci.” 

Meleney emphasizes both the anaerobic and 
hemolytic character of the organism as well as 
either or both undermining and burrowing fea- 
tures of the ulceration. While the writer bows to 
Meleney’s far greater experience and probably 
superior judgment in the description and treat- 
ment of this disease, certain features stand out in 
the character of 3 of 4 cases here reported as per- 
haps to warrant some modification in certain con- 
cepts. In 2 cases the initial infections were seen, 
not as ulcerations, but as a diffuse cellulitis in one 
and an abscess in the other. On the one hand, 
however, both were caused by a non-hemolytic 
anaerobic streptococcus, but on the other, the 
larger of the two assumed the character of an 
ulceration with burrowing and undermining fea- 
tures so pronounced as to warrant inclusion in 
this group of infections. Furthermore its response 
to specific zinc peroxide therapy was so spectacu- 
lar as to add to the justification for its inclusion. 
This is described as Case 2 and is illustrated in 
Figures 5 tog. The second of these 2 cases (Case 
3) revealed no undermining or burrowing pro- 
pensities but the only organism isolated was an 
anaerobic non-hemolytic streptococcus; no or- 
ganism was present on the aerobic media. It is by 
no means typical of the group, clinically or etio- 
logically, but is included in this report to illus- 
trate the facts that an anaerobic streptococcus 
may invade without causing burrowing or under- 
mining, and in the absence of these changes can be 
successfully attacked with non-oxygen-producing 
antiseptics. Sulfanilamide was used for a short 
period. 

Che third of this somewhat unorthodox group 
(Case 4) is one in which an anaerobic hemolytic 
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streptococcus was present in some profusion and 
also demonstrates that in milder cases oxygen 
production is not an essential requirement in the 
therapeutic agent. A small sinus communicating 
with the ulcer represented the only possible tend- 
ency to burrow. Despite the use of only mild 
local non-oxygen-producing antiseptics the sinus 
did not increase in extent. Undermining was not 
present. As in Case 3 sulfanilamide was used for 
a few days. 

In his reports Meleney discusses the clinical 
picture and treatment of some 4o cases, 18 of 
which were given combined zinc peroxide and 
intensive sulfanilamide therapy (11). Since the 
publications of his descriptions eighteen cases 
have been added by others (1, 2, 4, 6, 7, 14, 15, 
16,17). Some of these (2 and 6), however, do not 
fit precisely into Meleney’s criteria for the estab- 
lishment of the diagnosis. The writer has had 
some detailed experience with 2 others, 1 of which 
(Case 2) as previously noted perhaps should not 
be included inasmuch as the causative agent was 
a non-hemolytic rather than a hemolytic strepto- 
coccus. 

Conversely, in the 2 other infections here re- 
ported an anaerobic streptococcus was apparently 
either the sole or predominating invader, but with 
virtually complete absence of burrowing or un- 
dermining propensities in both. In one of these 
cases the infectious process due to a non-hemoly- 
tic organism progressed to complete healing with 
antiseptics simpler in character than that used for 
the undermining or burrowing type. Local anti- 
septics and, for a brief period, sulfanilamide were 
used effectively for the other caused bya hemolytic 
anaerobic streptococcus. Because these infections 
lacked the gross features Meleney describes they 
have not been included in this report as a par- 
ticular variety of chronic ulceration. 

The writer does not propose to offer an exhaus- 
tive summary of Meleney’s laboratory, clinical, 
and therapeutic studies. These are, by this time, 
well known to all who are familiar with current 
literature. They are described in at least one 
popular textbook (5). It is one of the chief pur- 
poses of this paper to emphasize the desirability 
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Fig. 1. Case 1. Illustrating the size of the lesion on the 
abdomen with undermining andgextension onto the thigh. 
A probe has been inserted under_the bridge of skin to illus- 
trate communication between thigh and abdominal ulcera- 
tions. Further extension has occurred laterally between 
costal margin and iliac crest with involvement of the cor- 
responding lumbar area as illustrated in Figure 2. 


of making anaerobic cultures in all chronic super- 
ficial infections. Following this, some conclusions 
will be offered relative to indications for the use 
of zinc peroxide. Parenthetically, at this point 
mention should be made of a simple method of 
anaerobic culture devised by Spray and recom- 
mended by Shallow and his associates in their 
studies on this type of infection. 

Some modifications in treatment have been 
suggested by various writers. Thus, while Me- 
leney applied zinc peroxide in distilled water, 
Pennoyer utilized hydrogen-peroxide as the sus- 
pending agent. Rhoads found that it “‘proved 
useful” to administer a zinc peroxide suspension 
daily as a low rectal enema in a case in which a 
perirectal abscess opened 4 inches proximal to the 


Fig. 3. Case 1. After the first few applications of zinc 
peroxide the granulations have assumed a waxy, gelatinous 
appearance. Because of the difficulty attendant upon the 
removal of the preparation applied the preceding day the 
more thinned-out portions of the undermined skin have 
been removed. The white flakes are remnants of the zinc 
peroxide suspension applied the preceding day. The cuta- 
neous bridge noted in Figure 1 has been removed. 


Fig. 2. Case 1. A probe has been inserted into what 
appeared to be an ulceration secondary to the primary 
abdominal lesion and a strip of adhesive marks the site 
of the tip of the probe. The undermining extends laterally 
- well and communicates directly with the abdominal 
ulcer. 


anus. Mullen and Lawrence attempted the treat- 
ment of this infection with both sulfanilamide and 


Fig. 4. Case 1. This view is the same as that illustrated 
in Figure 2 and denotes the extent to which the seemingly 
small ulcer has undermined. Re-examination of Figure 2 
will reveal normal appearance of the skin which has been 
undermined by the infection. Under treatment the granu- 
lations became bright pink and flush with the level of the 
skin and later new epithelium began to grow in from ‘he 


skin borders. 
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Fig. 5. Case 2. This photograph illustrates the extent to which the skin has been 
undermined as marked off by the continuous dark line. The skin overlying the lique- 
fied subcutaneous tissue is normal in appearance, boggy, but not particularly painful 
or tender. The slightly darker patch-like areas are due to the brownish pus which 
has escaped from the incisions. 


Fig. 6. Case 2. A “close-up” view of the external appearance of the lesion. 
g p ppe 


Fig. 7. Case 2. A single application of zinc peroxide has been employed but it was 
found impossible to remove effectively the old preparation. The area was then 
opened widely, revealing the foul-smelling, necrotic material illustrated. The in- 
fected area was incised, not excised, and the flaps of skin have fallen away from the 
underlying surface. The fascia lata is exposed on the thigh. 


zinc peroxide, and efforts along the same line course was longer than in those treated by the 
were made in a larger series (11). Prontosil was combined method. Goodman with equal success 
used unsuccessfully in 1 of a series of 6 (17) al- cured relatively small chronic, undermining ul- 
‘hough the dosage is not stated. In 1 patient Me- cerations with sulfanilamide alone; as previously 
leney used sulfanilamide alone although theclinical noted, he did not make any anaerobic studies. 
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Fig. 8. Case 2. Undermining has extended so exten- 
sively into both inguinal areas, as well as the left ischiorectal 
fossa and right buttock, that additional inguinal incisions 
were later placed to facilitate zinc peroxide treatment. 
Catheters have been inserted from the open ulcerated area 
of the abdomen under the skin of both groins and out 
through these incisions to illustrate the communication. 


Ayres reported ultimate cure with maggots in 
ulcerations clinically resembling these described 
by Meleney. Ayres spoke of the isolation of a 
hemolytic streptococcus but did not comment on 
any anaerobic studies. 

The writer utilized both zinc peroxide and sul- 
fanilamide in his 2 cases without success. How- 
ever, the ulcerations were unusually extensive in 
both; one patient was a diabetic and in each death 
occurred rather suddenly following intercurrent 
accidents. Both were making excellent progress 
and the infection was under complete control for 
some time before death occurred in the patients. 
Furthermore, oral specific medication was dis- 
continued in the first patient because of suspected 
toxic reactions and not instituted until late in the 
second. Whatever control was effected over the 
disease in each should in all fairness be ascribed 
to the zinc peroxide alone. Cure was achieved in 
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Fig. 9. Case 2. Should be compared<with Figure 7 to illustrate the improvement 
after some 20 days of treatment with zinc peroxide. The granulations are a bright, 


the third and fourth cases with commoner anti- 
septics although sulfanilamide was used for a few 
days in each. 

Some experiences with zinc peroxide acquired 
through efforts to cure the infections described 
in this report may prove useful to others. Thus 
it is stated that not more than 25 grams of the 
zinc peroxide powder should be activated (ly 
heating at 140 degrees for 4 hours) at any one 
time. The writer, however, found it necessary 
to activate as much as 150 grams in one container 
and did not notice any appreciable reduction in 
the oxygen generating power of the preparation. 
A further and perhaps unimportant modification 
is associated with the necessity of maintaining a 
constantly moist medium for the zinc peroxide 
suspension. Meleney accomplishes this by sealing 
in the medication after it has been applied, by 
means of gauze impregnated with vaseline or zinc 
oxide ointment. Possibly because of the extent of 
the lesion in the first case or some other unde- 
termined factor this did not prevent appreciable 
drying with probable resultant reduction in oxy- 
gen generation as well as increased pain on daily 
removal of the old preparation. It was therefore 
decided to apply fenestrated tubes on the creamy 
zinc peroxide suspension with one opening of each 
projecting externally from between the layers of 
the ointment gauze. Small quantities of distilled 
water were then injected at 3 to 4 hour intervals 
during the 24. This variation proved effective 
in maintaining moisture. 


CASE REPORTS 


Case 1. (Figs. 1 to 4). A 40 year old white man, was 
admitted to the hospital June 24, 1938, with evidence of 
acute appendicitis existing for about 24 hours. He had 
taken saline cathartics and when examined there were 
evidences of advancing peritonitis. Appendectomy with 
cecostomy was immediately performed under spinal anes- 


healthy pink color. Unlike Case 1, however, no growth of epithelium was noted from 
the skin bordering the ulcer. The opening of a “burrow” at the anterior superior iliac 
spine may be noted. This continued to extend slowly along the crest of the ilium de- 
spite repeated negative anaerobic cultures and persistent use of zinc peroxide applied 


with narrow strips of gauze. 
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thesia and closed with stab wound drain. The appendix 
had ruptured and was found lying in a retrocecal position. 
Pertinent comments from the patient’s progress notes 
follow: 

On the fourth pectgeniive day, jaundice was noted 
and a doughy, virtually painless cellulitis of the right 
abdomen was present and extended on to the thigh and 
lower chest anteriorly on the right. 

On the sixth day, sulfanilamide administration was 
started, cautiously due to jaundice. Eighty grains were 
given over a 2-day period, then discontinued for fear of 
further compromising the liver. 

On the eighth day, the drain was removed. A foul- 
smelling pus was released. 

On the ninth day, patient pulled out the cecostomy tube. 
The sutures were removed. The wound edges gaped and 
the transversalis fascia was exposed. 

On the eleventh day, he p ae sl urinary and fecal 
incontinence. 

On the twenty-ninth day his general condition was some- 
what improved, and the jaundice was subsiding. Feces 
were draining from stab wound. A slough (?) was noted 
within the area of cellulitis on the abdomen and thigh. 
Dakin’s solution irrigations were instituted. 

On the thirty-first day improvement was noted but it was 
very slow in progress. 

On the thirty-second day azochloramide irrigation was 
started. 

On the thirty-seventh day a mixture of azochloramide 
peroxide was used. The icterus index was 13; blood cul- 
ture, negative. 

On the forty-first day, anaerobic culture studies revealed 
the presence of an anaerobic hemolytic streptococcus. Foul 
pus continued to drain profusely. 

On the forty-fourth day a new sinus tract (burrowing 
area) was noted on the chest wall. The area was opened. 

From the forty-fifth to the seventy-fifth day, there was 
no visible change. The ulcerating area was treated with 
local irrigations of urea solution, 3 per cent, and urea in 
hydrogen peroxide. No evidence of spread was noted.! 

On the eighty-third day temperature was down to 100.5 
degrees. 

On the one hundredth day two new sinuses were noted 
which were filled with a foul smelling pus. Cultures here 
again revealed the anaerobic hemolytic streptococcus. 

On the one hundred and twelfth day, zinc peroxide was 
started. The ulceration had assumed the appearance illus- 
trated in Figure 1. It was not suspected that this communi- 
fe ‘ an ulcer situated in the right lumbar area 

ig. 2). 

On the one hundred and thirteenth day the zinc peroxide 

that had been applied the preceding day was rather dry, 
and when it was situated under wide bridges of skin as for 
instance on the thigh and right flank, it was difficult to re- 
move. 
On the one hundred and fourteenth day the sinuses were 
excised widely. The appearance following excision is illus- 
trated in Figures 3 and 4. Zinc peroxide was reapplied 
daily until grafting was done on the one hundred and forty- 
= day and moisture was maintained with fenestrated 
ubes. 

On the one hundred and twenty-third day the only or- 
ganism present on aerobic and anaerobic cultures was the 
pyocyaneus. 


‘During this period inquiries locally failed to elicit any information 
concerning the commercial availability of zinc peroxide. A letter was 
written to Dr. Meleney asking about the medication and he advised con- 
tacting the DuPont Chemical Company, Niagara Falls, New York. In 
the meantime sulfanilamide (prontylin) was in instituted and con- 
tinued for a period of 7 days, then discontinued, when the temperature 
Tose to 102.4 degrees (81st day). 


On the one hundred and twenty-fourth day granulations 
were bright pink, healthy-looking. The epithelium was 
beginning to grow into the ulcer surface from the surround- 
ing skin. 

From the one hundred and twenty-fifth to the one 
hundred and forty-seventh day local and general improve- 
ment was noted. Repeated cultures failed to reveal any 
organism other than the pyocyaneus. 

On the one hundred and forty-eighth day “Seedling” 
grafts were peppered into the granulation on the abdomen, 
thigh, and mM 

From the one hundred and forty-ninth to the one hun- 
dred and eighty-first day, successful take of most grafts 
was noted. By the one hundred and eighty-second day 
there were several nummular islands of epithelium growing 
on the granulating surfaces. Zinc peroxide had been dis- 
continued and normal saline dressings were used. The 
pyocyaneus continued to grow in some profusion but re- 
peated cultures failed to reveal any other organism. 
Further progress continued uneventfully until the one 
hundred and ninety-second day when it was noted that the 
temperature was somewhat higher than usual (101.6 
degrees; there had been a low-grade elevation varying be- 
tween 99 and 100 degrees throughout most of the illness). 
Examination failed to reveal any cause for the elevation; 
the granulations remained relatively clean. A careful search 
disclosed no new sinus tracts, the lungs were apparently 
clear, etc. The white cell count was 9,600 of which 73 per 
cent were polymorphonuclears, 22 lymphocytes, 3 mono- 
cytes, and 2 eosinophiles. 

On January 6, 1939, the one hundred and ninety-fifth day, 
the patient suddenly developed generalized clonic convul- 
sions. Examination revealed nuchal rigidity and a positive 
Brudzinski sign. Non-protein nitrogen was 29.5 and 
carbon dioxide volumes per cent was 65.6. Spinal tap 
revealed opaque fluid under increased pressure containing 
17,000 white blood cells per cubic millimeter of which 
98 per cent were polymorphonuclears. No tubercle bacilli, 
anaerobic or aerobic organisms were found. Mouse cul- 
tures and blood cultures were negative. Continuous spinal 
fluid drainage on a Bradford frame was instituted. Hourly 
intravenous injections of prontosil were administered. 

On the one hundred and ninety-sixth day patient was 
in a restless coma, with head pulled to the right and flaccid 
paralysis of the left side of the face. Breathing was ster- 
torous. Spinal fluid was still draining. Diagnosis: Brain 
abscess with purulent meningitis. Temperature and pulse 
fell to normal levels but coma continued. At midnight, 
the patient expired. Consent for postmortem examination 
could not be obtained. 


This case is typical of the infection that Me- 
leney describes, and under zinc peroxide therapy 
was making excellent progress. Various other 
antiseptics proved worthless. Death was only 
indirectly due to the infection. Sulfanilamide was 
given at different times, then discontinued be- 
cause of suspected toxic reactions; undoubtedly 
it had nothing to do with the favorable response 
shown. However, in retrospect, this patient’s 
best chance of survival might have come with 
earlier recognition of the character of the lesions 
and perhaps immediate use of peroral sulfanila- 
mide in conjunction with zinc peroxide locally. 

CAsE 2. (Figs. 5 to9.) A 48 year old white man, a known 
diabetic, was admitted to the hospital, April, 1939, with a 
history of having had a urethral stricture in 1931. Eleven 
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days prior to admission he developed evidence of a peri- 
urethral abscess which gradually increased in size then 
spread over the abdomen and right thigh. Shortly after 
admission incisions were placed over the fluctuant areas 
and tubes were inserted for irrigation. The pus was a foul- 
smelling, brown, watery material. The overlying skin was 
boggy, not discolored, and not particularly painful or 
tender. Figures 5 and 6 illustrate the lesion; the dark line 
delineates its extent. Aerobic culture revealed a mixed 
infection of Bacillus coli, Staphylococcus albus, Gaffkya 
tetragena, and a non-hemolytic streptococcus, with an 
equally profuse growth of the non-hemolytic streptococcus 
on anaerobic culture. Zinc peroxide treatment was in- 
stituted but due to the difficulty encountered in removing 
the old peroxide the infected area was incised widely; its 
appearance is illustrated in Figure 7. At this time burrow- 
ing was found to have extended into the left ischiorectal 
fossa, downward on the most dependent part of the right 
buttock undermining the skin at the base of the penis. 
Additional incisions were placed to facilitate treatment of 
these areas. In Figure 8 catheters have been inserted to 
illustrate the communication between these incisions and 
the abdominal part of the infection. Following the in- 
stitution of zinc peroxide therapy the character of the in- 
flammation began to improve rapidly and by the twentieth 
day assumed the appearance illustrated in Figure 9. The 
granulations here are pink and healthy. However, despite 
thorough treatment the infection continued to burrow 
along the right iliac crest although cultures from this area 
were repeatedly negative. A diffuse pitting edema of the 
thigh and leg made its appearance (about 1 month after 
admission). Sulfanilamide was then started, the thirty- 
second day after the institution of zinc peroxide treatment, 
and was continued for a period of about 2 weeks; sul- 
fanilamide blood levels during this time ranged from 3 to 
1o milligrams. Burrowing continued and the use of the 
oral drug was stopped. While repeated cultures showed 
that the infection was under complete control, at no time 
throughout the illness was there noted any growth of 
epithelium. The patient’s condition remained stationary 
until June 4, 1939, when he expired, 65 days after admis- 
sion, of what appeared to be a lung embolus. Autopsy 
was not obtained. 


Both burrowing and undermining features were 
present in Case 2 although progression was un- 
usually rapid. This, of course, may have been on 
account of the diabetes. On the other hand the 
anaerobic organism was not hemolytic and there- 
fore this case may not dovetail precisely with 
Meleney’s criteria. However, response to zinc 
peroxide was excellent and the patient appeared 
to be making good progress only to make his 
exitus, like the first, as the result of an unfortunate 
accident. The possibility of invasion by an anaer- 
obic streptococcus was considered immediately 
upon admission and zinc peroxide therapy was 
instituted as soon as possible after the presence 
of such an organism had been established. As 
in Case 1, early continued sulfanilamide adminis- 
tration might have proved more effective than the 
use of local treatment exclusively. 

Because of the non-hemolytic character of the 
organism one would perhaps suspect the possible 
eventual development of a picture of progressive 
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synergistic gangrene. However, burrowing pro- 
pensities were too pronounced, pain relatively 
mild, and the staphylococcus present was of the 
albus rather than aureus variety. Meleney has 
written with equal lucidity on this type of 
synergistic infection (3, 10). 


Case 3. A 58 year old white man was admitted January 
4, 1940, for the treatment of a tender, fluctuant mass meas- 
uring 4 by 6 inches and lying directly below the um- 
bilicus. The overlying skin was not discolored. The pa- 
tient stated that he had noted occasional slight discharge 
exuding from the depths of the umbilicus and 1o days 
prior to admission began to notice the tumefaction for 
which he was admitted. Progress notes follow: 

January 7, 1940. An incision was made and the wound 
packed with azochloramide impregnated gauze. The pus 
released was a thick, green, foul-smelling material with an 
admixture of caseous particles. On culture no aerobic 
growth was noted, but anaerobic studies revealed a non- 
hemolytic streptococcus. 

On the sixth day after operation, improvement con- 
tinued. The abscess cavity was clean and was filling in 
slowly. The clinical appearance was not that of a burrow- 
ing or undermining type of infection. 

On the eighth day after operation abscess cavity ap- 
peared to communicate with the peritoneum; the patient 
was having abdominal distention and a good deal of pain. 
The white blood count was increased to 30,200. Sulfanila- 
mide was instituted. 

On the ninth day after operation pain and distention 
were less. Improvement continued. 

On the tenth day sulfanilamide was discontinued. The 
blood levels of the drug for the 3-day period were g to 13 
milligrams. + 

On the fifty-fourth day after operation, area was en- 
tirely healed. Patient discharged. 

CasE 4. A 4o year old white man was admitted to the 
hospital July 9, 1938, for the treatment of chronic alcohol- 
ism, alcoholic neuritis, acute arthritis of the left knee, and 
an acute infection of the left thigh. This infection of the 
thigh first made its appearance as an abscess which had 
been incised 2 or 3 weeks prior to admission. Healing did 
not follow, however, and when first seen this incised ab- 
scess presented the appearance of an irregular ulcer 2 to 
2.5 inches in diameter and discharging a rather large quan- 
tity of a thick, purulent material. A small sinus was present 
communicating with the ulcer. Ordinary aerobic studies 
revealed a Staphylococcus aureus and hemolytic strepto- 
coccus but later anaerobic cultures disclosed ‘‘many long- 
chained hemolytic streptococci.” Sulfanilamide was in- 
stituted and after 3 days the amount of drainage had di- 
minished considerably and after a few more days a mixture 
of azochloramide—1:3300—and hydrogen peroxide was 
used locally. Oral medication was stopped the following 
day when it was recorded that “discharge very slight.” 
Local antiseptics were continued until about the forty- 
fifth day after the beginning of sulfanilamide treatment 
when the ulcer had healed completely. 


Except for the small persistent sinus in Case 4, 
which did not progress despite the use of only 
simple antiseptics, burrowing and undermining 
were absent. In other words, it would appear 
that the mere isolation of an organism capable 
of producing the disease does not warrant the 
clinical diagnosis unless the typical feature of 
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undermining or burrowing is present. It is further 
apparent from Cases 3 and 4 that in the absence 
of such features one is justified in treating these 
patients with more conventional antiseptics. The 
use of sulfanilamide for a few days in each of the 
cases described may have played some part in 
bringing about a cure. It is possible, too, at 
least judging from Meleney’s experience, that an 
earlier cure might have been produced if zinc 
peroxide had been used. However, this is rela- 
tively expensive and in the ambulant patient, 
apparently not necessary at least so long as no 
invasive tendencies are present. While cure might 
have been effected before the fifty-fourth day in 
Case 3 and the forty-fifth day in Case 4 by means 
of the combined treatment, it should be noted that 
Lawrence used zinc peroxide-sulfanilamide for a 
period of 3 months before he obtained cure in his 
case. 


SUMMARY 


Four cases are described bearing more or less 
definite relationships to Meleney’s “chronic un- 
dermining, burrowing ulcer due to the anaerobic 
hemolytic streptococcus.” One (Case 1) is typical 
in that it fits precisely in this group; the ulcer was 
chronic, exhibited undermining and burrowing 
features, was caused by the anaerobic hemolytic 
streptococcus, and furthermore responded dra- 
matically to zinc peroxide treatment. In case 2 
undermining and burrowing propensities were 
disclosed which responded equally well to zinc 
peroxide but was associated with a nonhemolytic 
anaerobic streptococcus; in other words this case 
may illustrate that the clinical picture can be 
duplicated by a different type of anaerobic strep- 
tococcus. Deaths in these patients were due to 
unavoidable accidents and can hardly be regarded 
as failures on the part of the therapeutic agent. 
On the contrary, the result of the use of zinc per- 
oxide treatment in these infections was such as to 
lend unqualified confirmation of its effectiveness. 

Cases 3 and 4 are illustrative of the fact that 
the significant anaerobic organism present in 
either Case 1 or Case 2 may be isolated in appreci- 
able numbers from infections which do not tend 
to undermine or burrow. In these types cure was 
accomplished by simpler local antiseptics com- 
bined with short and possibly insignificant courses 
of sulfanilamide. 


CONCLUSIONS 


It would appear that hemolysis or non-hemol- 
ysis is not essential in producing the gross picture 
of the disease so long as the streptococcus is 
anaerobic. It is also apparent that the anaerobic 
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streptococcus may invade without causing under- 
mining or burrowing. Treatment should depend 
on an evaluation of the combined factors ot 
causative organism and character of the lesions. 
Based on the foregoing, the following corollaries 
may be presented: 

1. The performance of anaerobic as well as 
aerobic culture studies is urged in all superficial 
infections, particularly if there is any tendency to 
chronicity. 

2. If the infection is of recent origin, not ex- 
tensive, and not characterized by undermining or 
burrowing, then treatment with the more con- 
ventional antiseptics should be instituted ir- 
respective of the character of the organism iso- 
lated. 

3. A burrowing, undermining, extensive or 
stubborn lesion associated with an anaerobic 
streptococcus, whether or not hemolytic, had best 
be attacked in accordance with the principles laid 
down by Meleney, namely, immediate applica- 
tion of zinc peroxide and oral sulfanilamide, 18 
grains every 4 to 6 hours. 

4. A careful watch should be maintained 
throughout the course of the ulceration for the 
appearance of any new undermining or burrow- 
ing areas. 


Published with the permission of the Medical Director, 
Veterans Administration, who assumes no responsibility 
for the opinions expressed or conclusions drawn by the 
author. 
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VARUS DEFORMITY OF ANKLE FOLLOWING INJURY TO 
DISTAL EPIPHYSEAL CARTILAGE OF TIBIA IN 
GROWING CHILDREN 


GERALD G. GILL, M.D., and LEROY C. ABBOTT, M.D., F.A.C.S., San Francisco, California 


HE development of a varus deformity 

of the ankle following injury to the dis- 

tal epiphysis of the tibia in growing 

children is uncommon. Nevertheless 
this condition is of great interest to the surgeon 
because its correction is often attended by many 
difficulties. In this article it is our object: (1) to 
show that the deformity follows a specific injury 
of the medial malleolus; (2) to emphasize that 
the surgeon, may, by this knowledge, prevent the 
occurrence and progression of the deformity by 
relatively simple procedures; (3) to present funda- 
mental principles of treatment which have given 
excellent anatomical and functional restoration 
in a neglected case with severe deformity. 


ANATOMY OF THE EPIPHYSEAL CARTILAGE 
PLATE AND THE EPIPHYSIS 


In fetal life the future long bone is composed 
of a cartilaginous rod. The central portion of this 
rod, the diaphysis, is invaded by blood vessels 
and ossification progresses from this central region 
toward each end. The cartilaginous ends of this 
rod, known as the epiphyses, are invaded at a 
later date by separate blood vessels, and their 
centers become ossified. The periphery of the 
epiphysis remains cartilaginous, the distal rim 
becoming the articular cartilage, and the proxi- 
mal portion remaining as a band of actively pro- 
liferating cartilage cells. This band or plate is 
known as the epiphyseal cartilage plate. Longi- 
tudinal growth occurs by a process of degenera- 
tion and calcification in the columns of cartila- 
ginous cells which are invaded by bone forming 
elements from the diaphysis. Anatomically and 
developmentally this cartilage plate is an integral 
part of the epiphysis, and as such receives its 
blood supply from the same vessels. 


RELATION OF AGE TO THE TYPE OF 
EPIPHYSEAL INJURY 


In infancy and early childhood, the connection 
between the epiphyseal cartilage plate and the 
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diaphysis is very loose, and, on purely anatomical 
grounds it would be expected that shearing forces 
would most likely result in separation in the zone 
of calcifying cartilage without involvement of the 
cartilage plate. Haas showed that this is actually 
the case in young puppies and furthermore that 
disturbance of growth does not follow. It is of 
common clinical experience that, in children from 
birth to 9 years of age, pure epiphyseal separation 
as a result of indirect trauma is the rule, and 
deformity or disturbed growth almost never 
occurs. In this age group, crushing injuries alone 
damage the epiphyseal cartilage and give rise to 
disturbance of growth. 

In older children, from 9 to 14 years of age, 
union between the epiphysis and diaphysis is more 
firm. This results from the fact that the band of 
cartilage cells becomes narrower and the line 
between the epiphysis and diaphysis presents an 
interlocking ‘parallel surface. Consequently, in 
this age group, pure epiphyseal separation is rare 
and two main types of injury are most common. 

In the first type, the line of separation may pass 
through the metaphyseal region up to a point 
where union between the epiphysis and diaphysis 
is very firm and the diaphysis itself becomes a 
relatively weaker structure than the epiphyseal 
cartilage. Therefore, the line of separation crosses 
the diaphysis, resulting in fracture. This may be 
properly called a fracture-separation. In this 
type of injury the epiphysis and the epiphyseal 
cartilage plate, although widely displaced are left 
intact. In such instances there is no direct injury 
to the cartilage cells and disturbed growth does 
not follow. 

In the second type of injury, the epiphysis it- 
self may be fractured as a result of a combination 
of the anatomical configuration of the region in- 
volved and the specific mechanism or direction of 
the force. The line of fracture may pass through 
the epiphysis, across the cartilage plate, and then 
may either proceed through the metaphysis or 
through the adjoining diaphysis. Only in this 
type of indirect injury would disturbances in 
growth be expected to follow. It will be shown 
that, due to the anatomical configuration of the 
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Bony block about 
which growth occurs 
a 


Adduction force medial 
portion of cartilage plate 


Marked medial 
displacement of 
C¥ malleolus 


ramen. of malleolus to diaphysis 
but to undamaged epiphysis 


rowth arrest line 


Fig. 1. a, b, The mechanism of production of the typical 
varus deformity. c, d, The mechanism of production of the 
atypical deformity (Compere and Van Assen’s). 


ankle, this type of fracture results most commonly 
from only one type of indirect violence. 


RELATION OF THE MECHANISM OF INJURY TO 
THE TYPES OF FRACTURE-SEPARATION OF THE 
DISTAL EPIPHYSIS OF THE TIBIA IN GROWING 
CHILDREN 


Bishop, 1932, made a detailed study of 32 cases 
of fracture-separation of the distal epiphysis of 
the tibia in children and found a frequency of 1 
to 10 as compared to fractures of the ankle in 
adults. When these were classified according to 
the mechanism of production, in the manner in 
which Ashhurst classified fractures of the ankle 
in adults, it was shown that abduction, external 
rotation, and torsion produced pure separation in 
young children, but, in older children, these 
injuries produced separation of the intact epi- 
physis with associated diaphyseal fracture. No 
fracture of the epiphysis or the epiphyseal cartil- 
age plate resulted. 

Adduction injuries, however, were by far the 
most common, comprising 54.8 per cent of Bish- 
op’s entire series. In younger children pure epi- 
physeal separation occurred, but in the older 
group most injuries of this type resulted in a 
strikingly uniform vertical line of fracture running 
from the surface of the joint adjacent to the inter- 
nal malleolus, up to the epiphyseal plate, through 
it, and either inward to its medial aspect or 
upward a short distance through the diaphysis. 

Only in these cases of indirect injury is the 
continuity of the epiphyseal cartilage broken, and 
only in these is deformity to be expected. Bishop 
saw no instances of delayed growth or deformity 


in his series but admitted that the follow-up was 
insufficient. 

McFarland, 1932, reported that in 2 years he 
encountered in his English practice 23 cases of 
this particular epiphyseal fracture in a total 
series of 3,000 fractures; 40 per cent of these 
patients developed deformity. This injury re- 
sulted most often from a fall with the feet wedged 
between the railings of a picket fence, and 
McFarland attributed the high incidence of the 
deformity in England, as compared to that in the 
United States, to the relative prevalence of picket 
fences in England. 


THE MECHANISM OF PRODUCTION OF THE VARUS 
DEFORMITY FOLLOWING FRACTURE-SEPARA- 
TION OF THE MEDIAL MALLEOLUS 


As McFarland pointed out, the anatomical con- 
figuration of the ankle makes injury in adduction 
the mechanism whereby premature cessation of 
growth occurs on the medial aspect of the epiphy- 
seal cartilage plate. The astragalus is firmly held 
by the internal and external malleoli. Therefore 
lateral motion is not free, and an adducting force 
drives the astragalus against the rigid internal 
malleolus resulting in a localized fracture across 
it at this point. The malleolus is separated, the 
periosteum is torn, and its attached cartilage 
plate suffers some loss of blood supply (Fig. 1 a.) 
Degeneration of the cartilage follows and bony 
fusion occurs between the diaphysis of the tibia, 
the internal malleolus and the lateral portion of 
the epiphysis, forming a small rigid point about 
which the intact and undamaged lateral portion 
of the cartilage plate grows. The distal epiphysis 
of the fibula, not being involved, continues to 
grow and curves around the lateral aspect of the 
tibia forming a definite prominence in that 
region (Fig. 1 b). The typical varus deformity 
is formed in this manner. In some instances, 
however, the fracture may be a mere crack with 
so little damage to the cartilage plate or its blood 
supply that no disturbance results; in others, the 
patient is of an age at which cessation of growth 
is so near that no deformity can be produced. 

At first, because of the cessation of growth on 
the medial portion of the cartilage plate, shorten- 
ing is present only on the medial side of the ankle. 
Later, there is usually found increasing shortness 
of the entire tibia as compared with that on the 
uninjured side. This follows because, in most 
instances, when one portion of a cartilage plate is 
destroyed, the undamaged portion grows at a 
slower rate, and fuses prematurely. Continued 
growth of the normal tibia gives rise to various 
inequalities of the comparative length of the two 
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legs depending upon the age of the patient and 
his individual potentialities of growth. 

A variation in the deformity may be produced 
if the internal malleolus is displaced far medially 
(Fig. 1 c). Thus Compere, 1935, reported an 
unusual case in a boy 14 years of age who had 
suffered a fracture 2 years previously at the age of 
12. In this instance the bony configuration was 
atypical in that the medial malleolus was absent 
from its usual position at the ankle mortise but 
was fused to the shaft of the tibia at the level of a 
line of arrested growth about 1.5 centimeters 
above the growing cartilage plate (Fig. 1 d). The 
articular surface of the tibia was not tilted and 
the cartilage plate, although not so wide as usual, 
was horizontal and growing. An identical case 
was reported by Van Assen in a girl 13 years of 
age who had had a fracture at the age of 10 years. 
In these two instances the medial malleolus must 
have been displaced rather far medially and 
slightly upward so that, when healing was com- 
plete, the malleolus had united with the shaft, 
but, because of insufficient contact, had failed to 
unite with the undamaged lateral portion of the 
epiphysis. After a temporary period of retarda- 
tion of growth, as evidenced by the line of ar- 
rested growth, linear growth continued in almost 
a normal manner, leaving the malleolus fused to 
the shaft of the tibia to mark the level at which 
the injury occurred. No tilting of the articular 
surface of the tibia resulted because the medial 
malleolus did not lock the undamaged lateral 
portion of the epiphyseal plate to the diaphysis, 
as happens in most instances. A varus deformity 
resulted, not from a tilt of the articular surface 
of the tibia, as in most of these cases, but from a 
medial shift of the astragalus and foot due to loss 
of the normal medial support of the internal 
malleolus which was absent from its normal 
position. 

Many other instances of disturbance of growth 
at the ankle have been reported following severe 
crushing injuries, operative procedures and infec- 
tion which have given rise to various deformities 
but do not cause such typical and definite bony 
changes as results from adduction injuries. 


LITERATURE 


Poland, 1898, reported his case and reviewed 
those previously recorded by Bouchut, 1867; Rose, 
1882; Hutchinson, 1885; Davies-Colley, 1888; 
Owen, 1891; and Moullin, 1892. More recently, 
Smith, 1921; Baldrian, 1933; Van Assen, 1933; 
Brockman, 1934; Aitken, 1936; Morris and Down- 
ing, 1936; and Burrows, 1937, reported similar 
instances. A study of these reported cases con- 
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firms the fact that in most instances, the deform- 
ity follows an adduction force which results in 
fracture of the medial malleolus. 

Correction of the deformity by osteotomy of 
the tibia and fibula during the growing period was 
found to be unsuccessful because continued 
growth from the undamaged lateral portion of the 
epiphysis of the tibia and from the fibula caused 
recurrence of the deformity. Ollier, however, in 
treating a similar deformity, successfully equalized 
the lengths of the tibia and fibula by chondrec- 
tomy of both epiphyses of the fibula. It is of 
especial interest that, as early as 1873, he per- 
formed epiphyseal fusion as a means of limiting 
longitudinal growth in the correction of deformity 
of the lower extremities. Poland, and later Brock- 
man and Burrows, performed osteotomy of the 
tibia and fibula in conjunction with excision of 
the epiphyseal cartilage of the lower fibula, and 
obtained permanent correction of the deformity 
in growing children. McFarland, Brockman, and 
Burrows utilized the open wedge osteotomy of 
the tibia to increase the length of the leg in young 
children. Morris and Downing waited until 
growth was completed and then performed an 
ingenious high step-osteotomy of the tibia so 
designed as to allow rotation and sliding of the 
fragments in apposition. The leg was held by a 
device for lengthening the tibia which allowed 
slow correction of deformity and lengthening. 

The following case illustrates the problems pre- 
sented, and the methods of their solution in the 
correction of this severe deformity, and the 
equalization of the length of the legs. 


CASE REPORT 


C.P., a boy 15 years of age, entered the hospital on 
December 1, 1938. At the age of 10 years he had been 
struck by an automobile and his right ankle had swelled 
very badly. The boy’s mother said that x-ray examinations 
made at the time of injury showed no fracture at the ankle. 
We were unable to obtain the films as no record of them 
was kept by the physician in charge of the case at that 
time. The foot had been encased in a plaster cast for 6 
weeks and then normal activity had been resumed. Noth- 
ing abnormal was noted until 2 years after the accident 
when the mother observed that the right foot was offset 
inward and the lateral malleolus was prominent. This 
deformity increased to a marked degree but the boy was 
able to continue normal acitivity. He had no pain in the 
ankle, knee, or foot but, by reason of the inversion and 
shortening, he developed a limp. 

His family and past history was negative. His health 
was good, and physical examination was negative except 
for the right ankle, which was seen to be in marked varus 
The external malleolus was very prominent and appeared 
to curve around the distal portion of the tibia (Fig. 2a) the 
internal malleolus was very small. Motions at the ankle 
were: dorsiflexion, right 10, left 15 degrees; plantar flexion, 
right 45 , left 45 degrees; inversion, right 30 to 45, left 45 
degrees; eversion, right —40 to —30, left o to 10 degrees. 
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Teleroentgenograms showed that the articular surface of 
the tibia was tilted medially 30 degrees (Fig. 3). 

measurement, the lengths of the right and left tibia were: 
fibula, tip to tip — straight line — right, 1514, left, 1554 
inches; tibia, medial ledge of superior articular surface to 
tip of medial malleolus, right 141%, left 1574 inches; lat- 
eral ledge of superior articular surface to lateral lip of 
inferior articular surface, right, 1474, left 1514 inches. 


Realizing the difficulties encountered by pre- 
vious surgeons, it was decided to plan the opera- 
tion in detail by means of x-ray films and dissec- 
tions on the cadaver. The site and type of 
osteotomy were decided upon by tracing the 
teleroentgenograms of the deformed side and the 
normal side, and by trial and error it was found 
that a very low, oblique osteotomy of the tibia, 
passing laterally and distally, would, if opened 
on the medial side, give added length, full correc- 
tion, and a normal contour to the ankle (Fig. 4). 

In order to safeguard the procedure, a modifi- 
cation of a tibial lengthening apparatus was 
devised. It consisted of two parallel longitudinal 
threaded bars held at each end by curved metal 
pieces which were adjustable as to width. Pin 
carriers were mounted on the bars. These were 
constructed so as to hold each pin securely and 
allow it to be raised or lowered separately. 
Threaded stainless steel pins were to be used as 
they would allow no lateral sliding of the bones 
on the pin. Traction was to be obtained by the 
use of steel springs which would slide on the 
parallel bars and would be tightened by nuts 
threaded on the bars. 

When the apparatus was tested on the cadaver 
it was found that, when the lower fragment of 
the tibia was rotated downward and around, the 
heel cord, the extensors and flexors of the toes, 
and the tibialis anticus and posticus tendons 
became tight and prevented rotation of the distal 
fragment of the tibia. It was therefore decided 
that these tendons should be lengthened. It was 
also noticed that the lower fragment of the fibula 
must move independently of the upper fragments 
of the tibia and fibula. As the interosseous mem- 
brane would tend to limit this motion, it was 
decided to separate this membrane from the 
bones about 1 inch above and below the sites of 
osteotomy of the tibia and fibula. 

The operation was performed on December 8, 1938. 
Three incisions were used, the anteromesial portion of the 
ankle being spared because of the possibility of slough. 

The first, or anterolateral, incision was begun about 3% 
inches above the ankle joint and was carried vertically 
downward for about 2 inches, being placed approximately 
over the course of the tendon of the extensor hallucis 
muscle. The tendons of the tibialis anticus, extensor 
hallucis, and extensor digitorum communis were exposed, 
and each was lengthened by a simple Z method and sutured 
with silk, This wound was then closed. 


The second incision was made on the posteromesial 
aspect of the ankle, beginning at the level of the medial 
malleolus, and was carried vertically upward for a distance 
of 5 inches. The tendons of the tibialis posticus and flexor 
digitorum communis were immediately isolated. The pos- 
terior tibial vessels and nerves were isolated, dissected 
free, and carefully retracted. The Achilles tendon was 
exposed and lengthened about 34 inch by the method of 
Hoke. The posteromesial aspect of the tibia was exposed 
by retracting the neurovascular bundle laterally and the 
flexor digitorum communis tendon medially. 

The third, or posterolateral, incision was begun just 
posterior to the tip of the fibula and was carried upward 
for a distance of 34 inches. The distal fibula was exposed 
and, with a sharp chisel, a very thin flake of bone was 
removed from the surface of the fibula to expose the epi- 
physeal cartilage which was then excised. 

The interosseous membrane was exposed and cut for a 
distance of 2 inches to free the distal portion of the fibula 
from the tibia. The separation was continued downward 
thus partially dividing the synostosis at the tibiofibular 
joint. In this region many branches of the peroneal artery 
were cut and tied. With the periosteal elevator the lower- 
most fibers of origin of the flexor hallucis longus were 
separated from the medial surface of the fibula. With the 
Cayo saw, an oblique osteotomy of the fibula, passing dis- 
tally and laterally, was performed about % inch above the 
epiphyseal line. A Bennett retractor was placed through 
the interosseous membrane around the anterolateral aspect 
of the tibia to protect the anterior tibial vessels and nerves. 
With the posterior surface of the tibia thus exposed, a drill 
hole was placed through the posterior cortex of the tibia 
about 1 inch proximal to the site of the osteotomy of the 
fibula. With the Cayo saw, the lateral half of the tibia was 
cut at an angle of 45 degrees with the shaft of the tibia. In 
a similar manner, but through the posteromesial incision, 
the medial half of the tibia was divided in the same line. 

A Matthew’s wire was placed through the tibia in the 
region of the tibial tubercle at right angles to the shaft 
and a second one placed only through the medial side of 
the tibia about 2 inches below and parallel to the first. 
These pins and the Matthew’s stirrup were incorporated 
in the lengthening apparatus and correction was begun. 
Moderate correction was immediately obtained, the 
osteotomy opening about 5¢ inch on the medial side. The 
tendon of the tibialis posticus muscle became tight and was 
lengthened by a simple Z method. Flakes of cancellous 
bone were obtained from the posterior flare of the ilium 
and were packed into the open wedge in the tibia. The 
wounds were closed and the patient was placed in bed 
with the leg suspended in a Thomas splint with Pearson 
attachment and the attached apparatus was suspended 
separately with weights (Figs. 5 and 6). Unfortunately. 
the apparatus was not counterbalanced sufficiently and in 
2 days an area of pressure necrosis appeared on the heel. 
This was later covered by a Blair graft with excellent 
results. 

Circulation was excellent at all times and 8 days after 
operation lengthening was begun again. On December 20, 
some flexion of the terminal phalanx of the great toe was 
noted. This, no doubt, was caused by the lengthening of 
the extensor hallucis without lengthening of the flexor 
hallucis. This was not distressing, however, and was easily 
corrected by traction with small elastic bands. 

Lengthening was continued slowly without pain until 
January 4, 1939, when full correction had been obtained. 
At this time a tendency toward calcaneous was noted. On 
February 2, almost 2 months after operation, traction was 
released. Two days later a nonpadded cast was applied 
while the foot was still in the apparatus and the pins were 
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Fig. 2. a, left, Photograph showing marked varus 
deformity 5 years after original injury. b, Photograph 
taken on January 23, 1940, 1314 months after operation, 
showing the end-result. 


removed when the cast had hardened. Clinically the 
osteotomy seemed to be solid. A walking iron was applied 
and the patient walked in this until March 30, when it was 
removed and he walked without support. There was no 
pain in the ankle but he still had a slight limp due to the 
shortening which remained. Some edema occurred, but 
this gradually disappeared. 

On April 6, 1939, teleroentgenograms of the tibia showed 
the following measurements: fibula, tip to tip—straight 
line—right 1514, left 1578 inches; tibia, medial articular 
ledge to internal malleolus, right 15, left 16 inches. 

The medial side of the right tibia had been lengthened 

34 inch and the left tibia had grown slightly during the 
time of observation (Fig. 7). 

Because it was thought that the difference of 1 inch in 
length would probably increase to about 114 to 1% inches 
at completion of growth, it was decided to close the upper 
epiphyses of the tibia and fibula of the normal left leg. 
We estimated that, by performing such a procedure, the dif- 
ference of 1 inch might be decreased to 34 or % inch 
through growth in the proximal epiphysis of the right tibia. 
Accordingly this operation was performed on June 17, 
1939, and at the same time the right foot was gently 
manipulated to increase the motion at the ankle. 

This patient was discharged from the hospital on Jul 
2, 1939, walking very well with excellent power in ail 
muscles. Motions of the right ankle were as follows: dorsi- 
flexion, 10 degrees; plantar flexion, 30 degrees; eversion, 
10 degrees; inversion, 1o degrees. 

He was last seen on February 2, 1940, 14 months after 
operation. At that time the correction had been maintained 
and he had full use of his foot and ankle, even indulging in 
such strenuous sports as basketball and football without 
pain (Fig. 2b). Teleroentgenograms showed that the 
inequality in length had not changed although the upper 
ig. of the right tibia was still unfused (Fig. 8). It 

is probable that the expected decrease in the inequality 
will not be obtained as the skeletal maturation of this boy 
is rather far advanced. 


Fig. 3. a, Right tibia. b, Left tibia. The lower articular 
surface of the right tibia is tilted 30 degrees. Note the 
overgrowth and curvature of the external malleolus. . 


TREATMENT IN EARLY AND ADVANCED CASES 


The surgeon treating fresh fractures through 
the medial portion of the distal epiphysis of the 
tibia should insist upon careful radiological check- 
up every 6 months until it is certain that no 
disturbance of growth is developing. The earliest 
sign of impending difficulty is an area of fusion 
between the medial malleolus and the diaphysis 
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Fig. 4. Proposed plan of operative correction. Compare 
with Figure 7 to see how closely this was achieved. 
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Fig. 5. Limb incorporated in lengthening apparatus and suspended in Thomas splint 
after operation. 


with the disappearance of the clear area occupied 
by the epiphyseal cartilage plate. If it becomes 
obvious that varus deformity is developing and 
the child is of an age which the amount of 
growth to be expected would cause considerable 
deformity, simple fusion of the lateral growing 
portion of the distal epiphysis of the tibia and 
the distal epiphysis of the fibula of the affected 
leg would result in clinical cure, as the other joints 
of the foot could easily compensate for the minor 
tilt already present. Attendant fusion of the distal 
epiphyses of the tibia and fibula of the normal leg 
would then assure practical equality in the 
length of the legs at full growth. In this manner, 
relatively simple procedures would save the pa- 
tient not only from the discomfort of the develop- 
ing deformity but from a major operative proce- 
dure in the future. 

The objection might then be raised that this 
procedure would give rise to too great a decrease 
in total height. From the age of 9 or 10 years, 
however, the growth from the distal epiphysis 
of the tibia amounts to no more than 2 inches in 
most cases, so that this loss would be of no great 
consequence if the legs maintained equal length. 
In older children the loss in height would be 
even less. 

For the patients who have considerable deform- 
ity when first seen, but who are still growing, 
Poland, Baldrian, Van Assen, and McFarland 
advocated delay in the correction of deformity 
until near the time for cessation of growth, unless 
disturbances in the knee or foot cause pain or dis- 
comfort. In the light of our present knowledge 
this course does not seem justifiable. 

During the production of this deformity, small 
compensatory changes develop in the joints above 
and below it, so that when the main deformity 


itself is fully established compensatory changes 
in the small joints of the foot are already present. 
This was clearly shown in our case when it was 
found that had the articular surface of the tibia 
been brought to an angle of go degrees with the 
line of the shaft, the foot would have been carried 
into a position of very evident valgus. 

For this reason it seems much more reasonable 
to correct the deformity immediately, and like 
Brockman, to close the distal epiphysis of the 
fibula and the growing lateral portion of the 
epiphysis of the tibia. In order to insure that the 
two legs will be of nearly equal length at full 
growth, the correction should be accompanied by 
closure of the distal epiphyses of the tibia and 
fibula of the normal leg. To equalize discrepancy 
in length of the tibias already present, closure of 
the upper epiphyses of the tibia and fibula of the 
sound leg could be performed at the proper time 
as determined by known rates of growth. 

In the cases in which deformity is already ad- 
vanced, correction should be planned to give as 
much increase in length and anatomically perfect 
a result as possible. Added length is obtained by 
an osteotomy wedged open on the medial side. 
A low, oblique osteotomy, planned so that it 
passes through the region of the deformity, will 
give added length and a good anatomical and 
cosmetic result, and will not merely insert another 
deformity in the opposite direction as does the 
usual higher osteotomy. In the growing child the 
low oblique osteotomy will also accomplish closure 
of the growing lateral portion of the cartilage 
plate as it passes into the cartilage on the lateral 
side. This osteotomy passes through a region of 
the tibia too where union is sure and rapid. 

Cancellous bone from the ilium, in the form of 
thin slices or flakes, is suggested as an advanta- 
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Fig. 6. Roentgenograms taken 13 days after operation. 
The tilt of the articular surface of the tibia is almost fully 
corrected. Notice the iliac bone packed into the osteotomy 
site in the tibia. 


geous and easily obtainable material to fill in the 
wedge. Because of its plasticity, it packs into 
position easily and adjusts to the increasing size 
of the wedge during the slow postoperative correc- 
tion of the deformity. One of us (L.C.A.) has 
used cancellous bone from the ilium in a great 
diversity of conditions for many years. Its rela- 
tively early revascularization and reossification 
when compared to that of cortical bone has always 
been impressive. When used in filling bony de- 
fects where strength and rigidity are necessary, 
wedges of the desired shape may be cut from the 
full thickness of the ilium. Thus a thin, rigid 
shell of cortex surrounds the cancellous bone 
giving it the necessary strength but retaining the 
advantage of rapid revascularization. 

Having planned a procedure designed to give a 
good anatomical and functional result, it is neces- 
sary that the surgeon insure its attainment. Many 
times it is seen that such planning goes to naught 
at surgery because of the impossibility of being 
absolutely certain that complete and full correc- 
tion is obtained. Furthermore, often after the 
position obtained is apparently satisfactory, by 
the time the wound is closed, and the cast applied, 
‘he position of the fragments is markedly altered. 
l‘or these reasons some modification of a tibial 
lengthening device should be used in the cases 


Fig. 7. Roentgenograms taken 4 months after operation. 
Complete union present. 


Fig. 8. Teleroentgenograms taken on January 23, 1940, 
13% months after operation shortening of three-quarters 
of an.inch still present. 
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in which marked deformity and shortening are 
present. It should be so designed that it can be 
applied under sterile conditions at surgery, hold- 
ing the correction under full view, and allow 
adjustment after operation with careful radiologi- 
cal control. This was done with great success by 
Morris and Downing and in the case reported in 
this paper. 

Lengthening of the tendinous structures is sug- 
gested in the more advanced cases. The inter- 
osseous ligament should be divided as it will tend 
to restrict movement of the fragments toward 
correction. In these cases the anterior and pos- 
terior tibial tendons are very short and should be 
lengthened to give easy correction of the deform- 


ity. 
CONCLUSIONS 


1. Adduction injuries in growing children, re- 
sulting in fracture-separation of the medial mal- 
leolus may lead to premature cessation of growth 
in the medial portion of the distal epiphyseal 
plate of the tibia. Continued growth from the 
uninjured lateral portion produces a varus de- 
formity and a shortening of the tibia. 

2. The surgeon treating this type of fracture 
should insist upon careful follow-up and repeated 
x-ray examinations until it is certain that no dis- 
turbances of growth may result. 

3. If deformity is seen to be developing, fusion 
of the distal epiphysis of the fibula and the lateral 
growing portion of the epiphyseal cartilage plate 
of the tibia of the affected leg should be performed 
immediately. This should be accompanied by 
closure of the distal epiphyses of the tibia and 
fibula in the normal leg in order to maintain 
equality in final length of the tibias. 

4. In the well developed deformity in growing 
children, correction must include closure of the 
lower epiphysis of the fibula and the lateral por- 
tion of the distal epiphyseal cartilage of the tibia 
of the affected leg to prevent recurrence of the 
deformity. This should be accompanied by fusion 
of the distal epiphyses of the tibia and fibula of 
the normal leg to prevent further inequality in 
the length of the tibias. 

5. Correction of the deformity can best be 
accomplished by a low oblique osteotomy, passing 
through the area of the curvature. The wedge 
should be opened on the medial side. Iliac bone 
is suggested as a convenient and advantageous 
material with which to fill in the wedge. 

6. In the severe cases division of the inter- 
osseous membrane between the osteotomy sites, 


and lengthening of the anterior and postericr 
tibial tendons is advised. 

7. In the cases with severe deformity, a lengt})- 
ening device is suggested as a method of insurin:: 
full correction as planned. 

8. Equalization of inequalities in the length «if 
the tibias already present may be accomplishe:| 
by closures of the appropriate epiphyses. 
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FRACTURES OF BOTH BONES OF THE FOREARM 
IN CHILDREN 


BOARDMAN M. BOSWORTH, M.D., F.A.C.S., New York, New York 


HAFT fracture of both bones of the 
forearm is not an uncommon injury 
among children, particularly in the 
younger age group. From the stand- 

point of both function and cosmesis the treat- 
ment of such fractures is important. Only by a 
careful examination of the end-results in a series 
of these cases can the relative merits of different 
forms of treatment be judged. 

With this purpose in mind all shaft fractures of 
both bones of the forearm in children 16 years of 
age and under, treated in the outpatient depart- 
ment and wards of St. Luke’s Hospital during the 
7 year period from 1932 to 1938 inclusive, have 
been critically analyzed. 

There were 50 patients in this series. Males 
outnumbered females two to one. The average 
age was g years, but 31 of the children (nearly 
two-thirds) were aged to or under. Undoubtedly 
this young age accounts for the fact that in 15 
patients, 28 percent of the group, the fracture of 
both bones was of the greenstick variety. The 35 
other fractures were complete, of radius and ulna. 

The right forearm was broken 24 times, the left 
26. Direct trauma was the known cause of injury 
in only 1 case; trauma was indirect in 36 and not 
recorded in 13. In most instances the child “fell 
while playing.”’ Only 3 fractures were compound. 
Overriding was present in 11 cases. 

Colles’ fractures and epiphyseal separations 
have not been included in this series. In all but 2 
cases both radius and ulna were broken at ap- 
proximately the same level. Four were fractured 
in the proximal third, 18 in the middle third, and 
26 in the distal third. 

The use of some form of general anesthesia was 
recorded in 21 patients. In 3 cases reduction was 
not required, in 2 cases reduction was performed 
without anesthesia, and in 24 cases anesthesia is 
not mentioned. Local anesthesia, so far as can 
be determined, was not used. 

For immobilization, anteroposterior plaster 
splints were usually applied to include the wrist 
and palm but not the elbow. In 5 of the 11 cases 
in which there was overriding the splint was made 
to include the elbow; in the 6 others it is not 
recorded whether the elbow was immobilized. 
Some form of immobilization was maintained an 


average of 4 weeks and the patient was dis- 
charged after an average period of 5 weeks follow- 
ing reduction, excepting 4 patients who were 
watched between 3 and 4 months. In only 1 case 
was it recorded that fluoroscopy was used during 
reduction, though the fluoroscope may have been 
used in the others. 

Physiotherapy consisting of baking and light 
massage was used in about half the cases, though 
when it was commenced and how long continued 
could not usually be determined from the record. 

Six children refractured both bones through the 
original fracture site! 1 at 5 weeks, 4 at 3 to 4 
months, and 1 at 1 year. 


FOLLOW-UP 


Of the whole group it was possible to trace 32, 
or 64 percent. Lapse of time and a shifting popu- 
lation account for the loss of the others from 
follow-up. In all but 6 of the cases followed the 
child was found only after an exhaustive personal 
search through a maze of public and parochial 
schools and tenements in 4 boroughs of the city. 

This follow-up includes physical and x-ray 
examination as well as bilateral measurements of 
the forearm length and wrist circumference of 
each child and an inspection of the carrying angle. 
The average follow-up period was 5 years. No 
case has been included which was seen less than 
1 year and 5 months after initiation of therapy. 
Several represent an end-result of more than 7 
years. 

Whipple and St. John, in reporting the results 
of fracture of both bones of the forearm in 86 
children 15 years of age and under, who were 
followed for an average of 18 months, concluded 
that open reduction of such fractures is unneces- 
sary. Bagley more recently, in reviewing 176 
similar cases, came to the same conclusion. 

The results in this series of cases from St. 
Luke’s Hospital accord with their findings. There 
were no clinically bad results among the patients 
personally followed. In no case did shortening of 
the forearm occur, and in only one case was there 
a demonstrable decrease in the carrying angle; 
this was in a child who had subsequently been 
treated in another hospital for refracture of the 
same forearm. In but 2 cases was there a differ- 
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Fig. 1. a, W.M., aged 13 years. Radius displaced and 
overriding. Double fracture of ulna. b, Closed reduction 
within 1 hour of injury. Still has 66 per cent displacement 
of radius and volar angulation of ulna. c, Result at 3 years. 


ence in the circumference of the two wrists; in 
both the fracture was within 2 inches of the distal 
epiphyseal line with an increased wrist circum- 
ference of 4 inch in one case and 3% inch in the 
other, on the affected side. All three compound 
cases healed per primam. No complications re- 
sulting from the administration of anesthesia 


were recorded. 


CLOSED REDUCTION 


Unless one is familiar with the excellent ulti- 
mate results ordinarily obtained by conservative 


b 


Fig. 2. a, V.C., aged 5 years. Closed reduction soon after 
injury. There is still a 75 per cent dorsal displacement of 
the distal fragments of both bones. b, Result at 4 years 
and 4 months. No evidence of displacement remains. 


c 


Angulation of the ulna has disappeared. Displacement 
of the two sections of the radius i caused a moderate 
volar bowing which is barely perceptible upon clinical 
examination. 


treatment of this fracture in youngsters, his 
natural dismay at failure to secure 100 per cent 
anatomical reposition of fragments on attempted 
closed reduction is very apt to force him into an 
unnecessary operative procedure. As a matter of 
fact it is surprising how often a good reduction 
can be obtained by simple manipulation even in 
the presence of marked displacement of both 
bones. Furthermore, in contrast to adults, chil- 
dren exhibit a phenomenal capacity to re-estab- 
lish the normal length, alinement and continuity 
of fractured bones even when there is gross dis- 
placement (Figs. 1 and 2) and overriding (Fig. 3) 
after reduction and immobilization have been 
carried out. 

Twenty-five patients treated by closed reduc- 
tion were followed. Both anatomical and func- 
tional results were excellent in 21. Of the 4 
children remaining, 2 had good anatomical results 
with excellent function in one and fair in the 
other, 1 had a fair anatomical result with good 
function, and 1 patient had only a fair result both 
anatomically and functionally. This last is the 
child who sustained the decreased carrying angle 
mentioned. She had had a refracture of both 
bones treated in another hospital 1 year after the 
primary fracture and over 4 years preceding this 
follow-up. 

The x-ray results in this group of closed reduc- 
tions were excellent in 22, good in 3, and fair in 3. 
Solid bony union was demonstrated in every case. 
In no case did cross union occur between radius 
and ulna. 
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Fig. 3. a, R.S., aged 13 years. Third attempt at closed reduction within 24 hours 
of injury. Complete displacement and overriding of distal ulnar fragment persists. 
b, Result at 7 years and 4 months. No perceptible defect. 


OPEN REDUCTION 


So satisfactory are the results of conservative 
treatment of these fractures in children that 
operative interference need rarely be employed. 
Actually, 4 patients in this series were subjected 
to open reduction, an operative rate which is 
admittedly too high. In 2 cases simple replace- 


ment of fragments under direct vision was per- 
formed. In a third case the ulnar fragments were 
fastened with a loop of wire passed through drill 
holes in the bone and in the fourth case similar 
fastening was accomplished with chromic catgut. 

All 4 patients were followed. One had an excel- 
lent anatomical and functional result, 2 had a 
good anatomical result with excellent function, 
and one obtained a good result anatomically and 
functionally although he had non-union and 
pseudarthrosis of the ulnar mid-shaft, which 
could not be detected clinically. 

The x-ray results of open reduction were good 
in 2 cases, fair in another and bad in the fourth. 
Cross union between radius and ulna did not 
occur and bony union was obtained in 3 cases. 
The fourth, classed as a bad x-ray result, shows 
non-union of the ulnar mid-shaft with a pseud- 
arthrosis, though the radius is solidly united. As 
a result of this review it is now felt that all 4 open 
reductions could probably have been avoided, 
with ultimate results in every way at least as 
satisfactory as those obtained. 


SUMMARY 


1. During the 7 year period from 1932 to 1938 
inclusive, 50 children aged 16 years and under 
were treated in the outpatient department and 
wards of St. Luke’s Hospital for shaft fractures of 
both bones of the forearm. 

2. Of these, 32 were personally examined and 
roentgenographed at an average of 5 years fol- 
lowing injury. 

3. Twenty-five of the 32 were treated by closed 
reduction with excellent anatomical and func- 
tional results in 21 and no bad result. 

4. Four were subjected to open reduction with 
satisfactory results in 3 cases and a good clinical 
result in the fourth despite a non-union and 
pseudarthrosis of the ulna. 


CONCLUSIONS 


In children with shaft fractures of both bones 
of the forearm, complete anatomical reduction 
with end-to-end apposition of the fragments is 
not essential to excellent functional and cosmetic 
recovery. Open reduction of such fractures in 
children is rarely indicated. 
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VITTORIO PUTTI 


HE Editors of SURGERY, GYNECOL- 

OGY AND OBSTETRICS announce with 

regret the death on November 1, 
1940, in Bologna, Italy, of Professor Vittorio 
Putti, one of the great orthopedic surgeons of 
the world. 

Professor Putti was born March 1, 1880. 
In 1914 he succeeded Professor Codivilla as 
director of the Istituto Ortopedica Rizzoli, 
and during the first world war was chief sur- 
geon at the Institute. He founded the peri- 
odical, La Chirurgia degli organi di movimento, 
and was one of the founders of the Interna- 
tional Society of Orthopedic Surgery and 
Traumatology. 

Professor Putti gave several lectures in the 
United States—the last in 1933 at the meeting 
of the American College of Surgeons in Chi- 
cago, when he discussed the subject of bone 
lengthening. He was honored in many coun- 
tries for his outstanding abilities as a surgeon 
and teacher. 


A DECADE OF CONSERVATIVE 
TREATMENT OF INTESTINAL 
OBSTRUCTION 


N the past decade, there have been two 
notable contributions to the treatment 
of intestinal obstruction: (a) decompres- 

sion of the distended bowel and (b) an appre- 
ciation of the physiochemical changes incident 
to high intestinal obstruction. Coller states 
that decompression is the greatest single tech- 
nical contribution to abdominal surgery of the 
past ten years. Without doubt, the credit for 
putting this form of treatment on a rational 
basis belongs to Wangensteen. 

Until a few years ago, it was generally ad- 
mitted that there had been very little progress 
in reducing the mortality of acute intestinal 
obstruction. Besides the paraoral administra- 
tion of fluid and electrolytes, the treatment 
consisted chiefly of enterostomy, with or with- 
out release or removal of the obstructing 
mechanism. The average mortality from these 
surgical procedures was from 40 to 100 per 
cent, depending upon the duration and nature 
of the obstructing lesion, the condition of the 
patient, and the surgical procedure performed. 

Conservative therapy in cases of ileus con- 
sists of siphonage drainage to an indwelling 
intestinal catheter (Wangensteen or Miller- 
Abbott tubes), proper fluid and electrolytic 
balance, judicious sedation, and above all an 
appreciation of the limitations and indications 
for this method of treatment. Fine has sug- 
gested the inhalation of 95 per cent oxygen to 
relieve the gaseous distention in intestinal 
obstruction. This is a valuable adjunct but 
the best results are obtained when combine: 
with siphonage drainage of the bowel. 
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The great importance of the factor of dis- 
tention in intestinal obstruction is shown by 
the experiments in which swallowed air is 
excluded from the gut. Dogs with terminal 
ileal obstruction and cervical esophagostomy 
with the distal end inverted to preclude air 
swallowing may live as long as 57 days, ulti- 
mately dying of starvation (Wangensteen and 
Rea). 

In some cases of intestinal obstruction, suc- 
tion siphonage to an indwelling intestinal tube 
is the sole treatment, while in other cases, it is 
an ancillary measure secondary to operation. 
Siphonage drainage is the ideal treatment for 
paralytic ileus and partial mechanical ob- 
struction on an adhesive basis. Its use to pre- 
vent postoperative distention is well recog- 
nized. Whipple states that since the introduc- 
tion of the Miller-Abbott tube as a pre- 
operative measure in resections of the small 
intestine and right-sided colostomies, the mor- 
tality following these procedures has been re- 
duced 50 per cent. This is due to the fact that 
the bowel is deflated before and after the 
anastomosis, thus removing the factor of 
tension. 

The first series reporting the results of suc- 
tion siphonage with nasal catheter in acute 
mechanical obstruction of the small intestine 
was by Wangensteen and Paine, in 1933. Of 
20 such patients treated by suction alone, 
there were 3 deaths, of which 2 were unrelated 
to the obstruction (corrected mortality, 5 per 
cent). There were 11 cases in which decom- 
pression was done by suction, but operation 
was subsequently performed because of a con- 
jectural persistence of the obstructing me- 
chanism which was beginning to operate. 
There was 1 death in this series, 9 per cent. 

Johnson, Penberthy, Noer and Kenning, in 
a series of 54 patients treated by intubation of 
the small intestine, reported a mortality of 
25.6 per cent (14 patients). Of these, 5, or 9.3 
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per cent, died as a result of intestinal obstruc- 
tion. In the 9 remaining who died, intestinal 
intubation was carried out to relieve disten- 
tion associated with other conditions which 
caused death. 

The experience of the University of Minne- 
sota Hospitals with all types of mechanical 
obstruction of the small bowel over a 7 year 
period between June 1, 1931, and June 1, 
1938, has been reported. Among 156 patients 
treated for acute mechanical obstruction of 
the small intestine, there were, because of 
repetition of obstruction in some patients, 190 
cases. There were 28 deaths in the entire 
group, a patient mortality of 17.9 per cent and 
a case mortality of 14.7 per cent. 

Of the cases in which suction was the pri- 
mary treatment, although in some of these an 
operation became necessary to effect a satis- 
factory decompression, there were 96 patients 
and 126 cases of obstruction. There were 15 
deaths, a patient mortality of 15.6 per cent 
and a case mortality of 11.9 per cent. In 
those instances in which suction alone accom- 
plished a satisfactory decompression and re- 
lief of the acute obstruction there were 64 
patients and 83 cases. Five deaths occurred, 
giving a patient mortality of 7.8 per cent and 
a case mortality of 6 per cent. 

At the University of Minnesota Hospital, 
61.5 per cent by patient and 66.3 per cent by 
case of all patients with acute mechanical ob- 
struction of the small bowel were treated by 
siphonage drainage. Suction alone was used 
for relief of the acute obstruction in 41 per 
cent of the patients and 43.6 per cent of the 
cases. 

It can safely be said that a greater reduction 
in the mortality of intestinal obstruction has 
been obtained in a decade with conservative 
therapy than was attained in 5 decades when 
surgical measures of relief alone were available 
to the patient. 
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There is much to be learned, however, 
about intestinal obstruction. The diagnosis of 
the type of ileus is of paramount importance 
and depends upon a close correlation of the 
history, physical examination, and roentgen- 
ray findings. At times it is difficult to differ- 
entiate between a strangulating obstruction 
and a simple mechanical ileus, but all agree 
that such patients should be operated upon. 
The mortality of operations for strangulating 
obstruction is far from ideal; better surgeons 
have a lower mortality for gastric resection 
than for strangulating obstructions of the gut. 
It will be interesting to see what progress will 
be made in the next decade in the treatment 
of ileus. Cuar es E. Rea. 


WAR SURGERY 


REAT emergencies arouse men and 
nations to great effort. If there is 
any compensation for the tragic de- 

struction of lives, of property and of ideals 
that results from war it must be found in the 
greater tolerance and kindliness that come from 
sharing common privation and danger, and the 
inventions that are born of dire necessity. 

Every war from the beginning of time has 
stimulated interest in surgery, but, too often, 
when the war has ended, the hard won lessons 
have been forgotten. Now, again, papers on 
war surgery are finding their way in increas- 
ing numbers into surgical literature and soon, 
doubtless, demands for “short courses” in war 
surgery will be made on medical schools, clin- 
ics and medical groups. 

Under the guidance of an illustrated press 
and of vivid portrayals of scientific progress, 
skillfully dramatized by laymen for laymen, 
it is easy to visualize ‘war surgery” as some- 
thing new and fascinatingly different from the 
prosaic surgery of civil life. As a matter of 
fact it differs only in one respect—that large 
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numbers of seriously injured individuals sud- 
denly confront the surgeon, demanding skill- 
ful and efficient care. 

To cover open wounds with sterile dress- 
ings, to immobilize injured extremities, to re- 
lieve pain with sedatives and administer anti- 
tetanic serum, and then to transport wounded 
men rapidly and safely to surroundings where 
they can receive surgical care are essentially 
problems of organization. To work out such 
organization demands the best thought avail- 
able; to execute the plan requires only intel- 
ligence, co-operation and elementary training, 
not prolonged medical training. 

When the wounded patients reach a surgical 
center again it requires the keenest diagnostic 
ability to determine which patients demand 
immediate attention, which can wait for a few 
hours, which can be evacuated with minimum 
risk. The important consideration is that ac- 
tual surgical treatment, once begun, should be 
the same treatment accorded the man injured 
in a factory, in a home, or on Michigan 
Boulevard. 

In recent years we have often heard the 
terms “industrial surgery,” “traumatic sur- 
gery,” “office surgery,” etc., and have not 
heard often enough the term “good surgery.” 
There is only one type of surgery that deserves 
emphasis—the good surgery that the injured 
patient requires, no matter where or how he 
may have been injured. There must be one 
best method of treating a compound injury, 
and that method cannot be learned in short 
“refresher courses” but only from teaching 
and demonstration in medical school, from 
first hand observation and practice in hospital 
internship and residency, and finally from per- 
sistent and conscientious application of sound 
surgical principles in daily practice. 

War does drive home some simple lessons 
and basic principles that are too often neg- 
lected in medical school and hospital because 
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of the lure of more appealing tasks. There is 
no new magic in petrolatum and plaster, but 
there is magic in undisturbed rest and freedom 
from exposure to the constant re-infection too 
often introduced into open wounds by careless 
fingers and droplets from uncovered mouths 
and noses. There is no new magic in hasty ex- 
cision of devitalized wound edges and imme- 
diate closure of an open wound, perhaps after 
filling it with sulfanilamide crystals. There 


may be some magic in laying sulfanilamide 
crystals under the occluding dressing of an 
open wound that cannot be surgically treated 
immediately after injury, so as to produce 
temporary bacteriostasis, but the real magic 
lies in transforming contaminated wounds into 
clean surgical wounds in the simplest possible 
way and without mechanical or chemical 
trauma of the living tissue upon which heal- 
ing depends. SuMNER L. F.ocn 
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TEXTS AND DOCUMENTS 


URINALYSIS INCLUDING UROSCOPY 


ARNO B. LUCKHARDT, M.D., Chicago, Illinois 


HE history of urinalysis to its present 
state of development constitutes a 
rather long chapter in the history of the 
biomedical sciences. 

In 1911, Burroughs Wellcome & Company 
published a little booklet’ outlining the step-like 
progress of this subject over the centuries. In its 
beginning and before the chemical analysis of 
urine was introduced, uroscopy or the art of 
“diagnosing disease from inspection of this bodily 
excretion” was of paramount importance to the 
early physicians during the pre-Christian era and 
as a matter of fact was continued for centuries 
thereafter. Color changes and changes in the con- 
sistency were noted by the Babylonians; changes 
such as white or pure urine, cloudy urine, dark 
and cloudy urine and muddy urines were ob- 
served and recorded. 

As early as 500 B.C. or perhaps earlier, the 
Hindus described the sweet character of diabetic 
urine. 

In the second book of Susrutas”, Chapter XIII, 
page 105, appears this chapter title: “Nunc vero 
dulcis urine (diabetes melliti, therapiam ex- 
posituri sumus” and in the “Annotations” to this 
chapter appearing later in the volume referring 
to madhu (sweet) and meha (urine) of diabetes 
mellitus. Nowhere in this volume” could there 
be found a statement to the effect that the ancient 
Hindus used “trains of large black ants as a means 
of diagnosis” as stated on page 16 of The Evolution 
of Urine Analysis. Since ants are attracted by 
sweets, this statement if true would constitute an 
early qualitative test to differentiate the urine of 
diabetes mellitus from the urine of individuals 
with diabetes insipidus, which was most probably 


1The Evolution of Urine Analysis, an Historical Sketch of the 
Clinical Examination of Urine. London: Burroughs Wellcome 
& Co., 1911. 

2Susrutas, Ayurvédas Id est Medicine Systema a Venerabili 
d’Hanvantare Demonstratum a Susruta Discipulo Compositum. 
Nunc primum ex Sanskrita in Latinum sermonem vertit intro- 
ductionem, annotationes et rerum indicem adjecit Dr. Franciscus 
Hessler. Erlangae apud Ferdinandum Enke, 1844. 


the type of urine referred to by Aretaeus the 
Cappadocian in his chapter on Diabetes*. At any 
rate, it seems clear that the Hindus recognized 
diabetes mellitus long before Thomas Willis who 
in his Pharmaceutice Rationalis*, rediscovered 
that the urine of people with diabetes mellitus 
was sweet to the taste. This brief account on uri- 
nalysis purposes to bring out some humorous as 
well as scientifically important aspects in the 
history of this laboratory aid to scientific medical 
diagnosis. 

Uroscopy itself as originally practiced for the 
recognition of gross disturbances, as e.g., when 
blood appeared in the urine, became in the course 
of time a dubious art and eventually a device of 
peripatetic charlatans to mulct the ailing public. 

A treatise on uroscopy designed to be “scien- 
tifically”® instructional and published in German 
at Hamburg in 1722 bears this title in translation: 


“Urine Booklet in which there can be found the 
necessary instruction for every devout Person in 
which manner he can rely on the Water or Urine, 
how it is to be looked at, together with all circum- 
stances and its abuses. Likewise how one can 
recognize with certainty the diseases of the body 
by the most distinguished gentleman Apollinaris’ 
Treatise on Urine and the Pulse.” 


After giving general rules as to the size of the 
glass container, the amount of light and the dis- 
tance at which the urine is to be examined, the 
special rules, diagnostic and prognostic indications 


The Extant Works of Aretaeus, The Cappadocian. By 
Francis Adams, London: Sydenham Society, 1856. 

4Of Urines in the Remaining Medical Works of that Famous 
and Renowned Physician, Dr. Thomas Willis. London: 1681, 
pp. 1-23. 

5Urin-Buechlein darinnen einem jeden frommen Menschen zu 
seiner Gesundheit ein fruchtbarer und noethiger Unterricht 
mitgetheilet wird, was er sich auf das Wasser oder Urin zu 
verlassen, und wie dasselbe zu besehen sey samt allen Um- 
staenden und Missbraeuchen. Item Berricht, wie man die 
Krankheiten an seinem Leiber gewiss erkennen soll. Samt des 
Hochgelahrten Hn. Apollinaris, Tractaetlein vom Urin und Pulss. 
Sehr nuetzlich zu lesen und in Druck ververtiget durch Theodorum 
Majum der Medicin Liebhaber, Hamburg, Bey Samuel Hey], 
Buchh(andlung), 1722. 
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LUCKHARDT: URINALYSIS INCLUDING UROSCOPY 


Fig. 1. Reproduction of a fifteenth century painting ‘“Médecin urologique dans son cabinet,” show- 
ing urologist and patient. Courtesy Burroughs Wellcome & Company. 


are given concerning white, green, yellow, black, 
red, and leaden colored urines. Special chapters 
pertain to cloudy urines or those with sediments 
and granular deposits and odor of urines. In 
many of these prognostications the patient is 
adjudged suffering from anorexia, dyspepsia 
clogged liver (?), weakness of the extremities, all 
common to many different ailments. 

At any rate, urine divination or uroscopy was 
attacked in no uncertain terms directly or by tell- 
ing sarcasm which latter method is often more 
effective than the best developed logical and 
scientific argument. 

The most amusing story exemplifying the 
latter type of attack is told of the illustrious and 
arrogant Dr. Radcliffe (1650-1714), who was 
known not only for his medical skill but also for 
his plainness and coarseness and who was never- 
theless an early possessor of the famous Gold 
Headed Cane!, a book which every medical man 
should read. 

It is stated that on one occasion a woman called 
on this famous doctor with a urine glass or re- 
ceptacle similar to the one here represented 
(Fig. 1), and dropping a curtsey asked him to 
determine the nature of her husband’s illness and 


1The Gold Headed Cane. By William MacMichael. First 
published in 1828 and republished many times and most recently 
by Paul Hoeber, Inc., New York, 1926. 


to prescribe for his relief, the patient being 4 miles 
off. Dr. Radcliffe asked for the vessel and after 
looking at it inquired of the patient’s trade. On 
learning that he was a bootmaker the doctor re- 
tired for a moment with the urine glass and after 
emptying its contents and replacing it with a more 
recent sample of urine, returned it to the anxious 
cobbler’s wife with a statement to the effect that 
if her husband would undertake to make for him, 
Dr. Radcliffe, a proper pair of fitting boots he 
would prescribe for him and his “distemper” by a 
similar examination. 

It was Dr. Willis who excoriated the uroscopists 
of his time in these words in chapter VI, of his 
work already referred to, as well as the initial 
paragraph of chapter VII where he writes as 
follows:— 

“These were what I had to say concerning the 
Judgments of Urine not collected from the vain 
Traditions of Quacks but what are consonant to 
reason and truth. Besides I know there are 
ordinarily delivered by Medicasters and Old- 
Women almost an innumerable company of Rules 
and Directions of Urine-Divination that the urinal 
is no sooner suspected but they will undertake to 
divine, whether the Patient be subject to the 
Passions of Love or Sadness, whether a Woman 
hath conceived with child or not, or whether it 
shall be a Boy or a Girl and an hundred other the 
like; in which using a vain conjecture, they either 
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impose by their confidence on the minds of the 
credulous, or (which is more frequently their 
custom) by a cunning craftiness they other ways 
sift out the matter by inquiring, and falsely 
ascribe it to their knowledge in the inspection of 
Urine.” . . . And “although the business of the 
Examination and Inspection of Urines seems 
commonly only a simple thing (viz. the Medi- 
casters and Quacks for the most part behold the 
Urine sent in a Glass, shake it a little, and 
presently give Judgment) yet to those who hon- 
estly endeavor the recovery of the sick the matter 
seems a little more intricate, and they use to ob- 
serve several circumstances covering Judgment by 
Urine; which being omitted, nothing indeed can 
be certainly or directly learnt in the Medicinal 
Practice for the Urinal.” 

Folin!, who centuries later became the Father of 
modern urinalysis was anticipated by Willis who 
recognized that a knowledge of the volume, color, 
consistency, and content of sound urines was 
necessary before attempting to investigate the 
quantity and color of “‘sick peoples urines,” which 


1Folin, O. Approximately complete analyses of thirty normal 
urines.. Am. J. Physiol., 1905, 13: 45; and Laws governing the 
chemical composition of urine. Ibid., p. 66. 


Willis describes. His analysis, however, is but a 
variant of the so-called “spagyric analysis” of 
Paracelsus. It is curious that in this exposition no 
mention is made of his own discovery of the swect 
character of the urine of some diabetics made 
seven years previously (“Cur autem instar 
sacchari, aut mellis ea mire dulcescat, nodus 
vindice dignus est)? 

As for the rest, Willis was aware of the fact that 
he had contributed very little, for he ends his 
treatise on urines, thus: 


“And thus, Sir, at length you have the Doctrine 
or Method of Separation of Urine, such as our 
unskilfulness hath rendered it: I desire you 
would be pleased not only to pardon the errours 
and bareness of this Discourse, but also to excuse 
it in other things, because at first writ by your 
perswasion, and then by your command and re- 
quest made publick. Wherefore pray take care of 
this child hardly brought forth and almost an 
abortive, and as it were exposed and deservedly 
laid at your door without portion. Farewel.” 


2Pharmaceutice Rationalis. By Thomas Willis, M.D. 1674. 
Sectio IV, Cap. III, De Diabete, p. 217. 
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THE SURGEON’S LIBRARY 


REVIEWS OF 


HE work entitled The Therapeutics of Internal 

Diseases! edited by Blumer is to be published 

in four volumes, the first two of which are re- 
viewed herein. Appreciating the difficulty in editing a 
work on an ever-changing subject such as therapeu- 
tics, Dr. Blumer states, ““Any work on therapeutics 
can only attempt to cover the subject as it exists at 
present.” Nevertheless, an excellent, broad ground- 
work has been laid and probably will require little 
change in the future. Volume 1 covers the principles 
of therapeutics, discussing extensively the various 
phases of physiotherapy, nutrition and dietetics, 
endocrine, serum and vaccine therapy, and the prin- 
ciples underlying nonspecific therapy and bacterio- 
phage. In the chapter discussing the principles under- 
lying treatment in psychiatry, there is some dupli- 
cation of subject matter taken up in previous chapters. 
Section 2 includes special therapeutic technique, be- 
ginning with oral medication and prescription writing 
and ending with rectal, parenteral, intradermal, hy- 
podermic, intramuscular, and intravenous medica- 
tion. There are also chapters on blood transfusion, 
spinal puncture, and paracentesis. 

Like most symposia there is great variation in the 
discussion of the numerous subjects. Dr. Barach’s 
contribution discussing the use of gases is particu- 
larly noteworthy. The book is well printed in easily 
readable type. If the subsequent volumes follow the 
same general plan as the first two there is no doubt 
that this work will become a valuable contribution. 

J. RoscoE MILLer. 


T= picture of a kindly, lovable, skillful surgeon, 
with a happy faculty for making warring fac- 
tions and individuals forget their differences and 
work in harmony, illuminetes the pages of Finney’s 
interesting, very readable and often amusing Life of 
a Surgeon.? 

The biographer in writing his own life story is 
handicapped (though not all biographers have been 
so restrained) by an innate modesty, and the desire 
not to say unkind or critical words about anyone, 
whether still living or long since passed into the 
great beyond. This restraint detracts perhaps from 
the color and vividness of a story which covers an 
important period in American medical and national 
history, and which brings to life again Princeton in 
the eighties, the Harvard Medical School and the 


THERAPEUTICS OF INTERNAL DisEASES. Edited by George 
Blumer, M.A.(Yale), M.D. With the assistance of Albert J. Sullivan, 
M.D. Vols. 1 and 2. New York and London: D. Appleton-Century 
Co., Inc., 1940. 

24 SurGEOn’s Lire; THE AUTOBIOGRAPHY OF J. M. T. FinNEy. New 
York: G. P. Putnam’s Sons, 1940. 


NEW BOOKS 


Massachusetts General Hospital of Maurice Rich- 
ardson, Arthur Cabot, Homans and Porter, Fitz, 
Scudder and J. Collins Warren, the beginnings of 
the Johns Hopkins Hospital and Medical School, 
and, years later, the Great War. Great figures of 
the past troop by in an interesting array, and no 
medical man whose training and service began or 
ended during the half century of the author’s active 
surgical career but will be interested in this pano- 
rama of events and personalities. 

To the reviewer the most arresting pages are 
those in which the author pays tribute to Halsted, 
Welch, Osler, Thayer, and Walker—contemporaries 
and colleagues, with whom he lived and worked 
through so many stirring years. Here he can throw 
aside restraint and express himself with the en- 
thusiasm and fervor of which he is capable. His 
portrayal of Halsted in particular makes “The 
Professor” live again, and persuades the reader that 
he can visualize and understand this distinguished 
teacher of surgery, though he never had the oppor- 
tunity of studying under him or seeing him at work. 
Altogether the volume is a welcome addition to the 
annals of American surgery and will be treasured as 
such by all who read it. Sumner L. Koca. 


T= purpose of the authors, Meyer and Oscar 
Bodansky, in writing Biochemistry of Disease® 
was to provide a “systematic presentation of the 
biochemical aspects of the various diseases, arranged 
according to clinical entities.” To the reviewer’s 
knowledge, there is no other book on biochemistry 
which is arranged and presented in this way, so that 
the biochemical aspects of any particular disease 
may be found under its specific heading. 

The book is divided into eighteen chapters, each 
dealing with a particular group of diseases. It 
starts with a chapter on diseases of the blood, fol- 
lowed by one on diseases of the heart, a third on dis- 
eases of the digestive tract, while diseases of the 
kidneys and urinary tract are combined in one 
chapter as are diseases of the liver and biliary tract. 
Each of the endocrine glands is accorded a separate 
chapter. The last five chapters are devoted to dis- 
eases of bone, of muscle, disorders of metabolism 
and nutrition, and diseases of the nervous system. 

By eliminating long theoretical discussions and 
including only those aspects of biochemistry which 
have a direct clinical application, the authors have 
made available a practical aid in diagnosis, prog- 
nosis, and treatment. 


S3BrocHEMIsTRY OF DisEASE. By Meyer Bodansky, Ph.D., M.D., and 
Oscar Bodansky, Ph.D., M.D. New York: The Macmillan Co., 1940. 
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They have presented a very thorough review of 
the literature, and extensive bibliographies at the 
end of each chapter enable the reader to consult the 
original sources. However, being a review of the 
literature, it has the unavoidable shortcoming of 
being not completely up-to-date in certain instances. 


SURGERY, GYNECOLOGY AND OBSTETRICS 


Rarely are significant references omitted from the 
extensive bibliography. 

The easy flowing style makes the presentation like 
the lectures of an experienced teacher. This volume 
should be popular with practitioners and students 
alike. M. HERBERT BARKER. 
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CORRESPON DENCE 


VALUE OF RADIATION THERAPY IN THE 
TREATMENT OF CARCINOMA 
OF THE BREAST 


To the Editor: A paper of mine entitled “‘The Value 
of Radiation Therapy in the Treatment of Car- 
cinoma of the Breast” was published in volume 62, 
of SURGERY, GYNECOLOGY AND OBSTETRICS, in April, 
1936, p. 653. It has just been brought to my notice 
now that the “‘averages”’ given in the various tables 
in that paper are statistically invalid, since it would 
appear that for correct averages, account would 
have to be taken of the numbers of cases comprising 


the various groups averaged. As I am neither a 
mathematician nor a statistician, I was not alive to 
this point, which must also have escaped the editor- 
ial staff. 

Although this does not impair the interest of the 
other figures and observations, conclusions that de- 
pend upon comparisons of average figures are not 
proved. After all these years, it is difficult to make a 
correction, but I should be happy, if in the interests 
of scientific accuracy, you could publish a note to 
this effect. R. G. Hutcuison 


Radiologist, Royal Alexandra Infirmary, 
Paisley, Scotland 
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